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Prep [ 3 ] - Second Term - Geometry - Unit [4 ] - The Circle 


Lesson [ 1] : Basic Definitions And Concepts 


— | The circle —A c m A 
| rom a fixed point - 


It is the set of points of the plane which are at a constant distance f 
in the same plane. 










* The fixed point is called "the centre of the circle". 
* The constant distance is called "the radius length of the circle". 
* The circle is usually denoted by its centre » so we say 


the circle M to mean the circle whose centre is the point М 






Partition of the plane by the circle 
Any circle divides the plane into three sets of points which are : 
п The set of points of the circle. 

The set of points inside the circle. 


The set of points outside the circle. 


— ——Àá idi 


For example : 
The drawn circle in the opposite figure divides the plane into : 






1 The set of points of the circle «on the circle» as : А » B ›С >... 
The set of points inside the circle às : D E sF >... 





KJ The set of points outside the circle as : Z » К 5G >... 


The surface of the circleis : the set of points of the circle U the set of points inside it. 


So › the surface of the circle differs from the circle. 
For example: 
In the opposite figure : 
* AB N the circle = {С » D} but AB N the surface of the circle = CD 
* МЄ the circle but M C the surface of the circle. 
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The radius of the circle _ 








It is a line segment whose endpoints are the centre of the circle and any point on 
the circle. 

In the opposite figure : 

If the points A » B and C belong to the circle М, 

then MA , MB and MC are called radii of the circle M 





and МА = МВ = MC z r (wherer is the radius length of the circle). 


_ | Notice that : | 


Г Any circle has an infinite number of radii and all of them are equal in length. 





"A If two radii of two circles are equal in length »then the two circles are congruent 


and vice versa. 





| The chord of the circle 






It is a line segment whose endpoints are any two points on the circle. 





In the opposite figure : 
If A » B and C belong to the circle М, 
then each of AB › AC and ВС 


15 a chord of the circle M 




















= = == = E e = m — cc === : = шшш == = = — —— 
| 


| Notice that : | 





{ÍO С“ ————— ———— = I—— EE ———Y— — == пи — SR — — 


1 The diameter of the circle S 








It is a chord passing through the centre of the circle. 


In the opposite figure : 
If Mis a circle › AB is a chord of it 
; МЄ AB sthen AB is a diameter of the circle M 
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| Notice that : | ч | ы а т = Е 





EB Any circle has an infinite number of diameters and all of them are equal in length. 





EJ The diameter of the circle is the longest chord of the circle » and its length = 2 г 





= | The circumference of the circle and its area | 





* The circumference of the circle = 2 7Ur 


• The area of the circle = 7t r^ 






1 Symmetry іп the circle 


* Any straight line passing through the centre of the circle 
Is an axis of symmetry of it. 
* Since the number of these straight lines are infinite 4 
then the circle has an infinite number of axes of symmetry. | 


pl Important corollaries 









’ Corollary [ 1 j 





The straight line passing through the centre of the circle and the midpoint of any 


chord of it is perpendicular to this chord. 





In the opposite ге: 





If AB is a chord of the circle M- 
and C is the midpoint of AB. then MC. AB 


Corollary [2 _ | 
The straight line passing throu: 
chord of it bisects this chord. - 





In the opposite figure : · 


If AB is a chord ofthe circle M and МС L AB › where C € AB ; then 
C is the midpoint of AB 
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Corollary 3 


Do— MÀ Й) 





The perpendicular bisector to any chord of a circle passes through the centre of the circle. 








In the opposite figure : 
If AB is a chord of the circle M › С is the midpoint of AB 
and the straight line L -L AB from the point C ,› 

then M Є the straight line L 





From the previous, we deduce that : 








In the opposite figure : 

AB is a chord of the circle M ; 
m (Z D) = 25? 

and m (Z MAC) = 40? 

Prove that : 





C is the midpoint of AB (Kafr El-Sheikh 09) 


ыы In the opposite figure : 

AB and BC аге two chords in circle M ; 

which has radius length of 5 cm.» 

MD L AB intersects AB at D and inersects the circle M at E > 
X is the midpoint of BC › AB = 8 cm.» т (Z ABC) = 56? 





2) The length of DE 
( EI-Menia 19 » El-Gharbia 17 + Souhag 15) « 124° 32 ст. » 


Find :_ 1)m(z DMX) 
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In the opposite figure : 

AB and AC are two chords of the circle M > 
m (1 ВАС) = 45°, 

D and E are the midpoints 





of AB and AC respectively. 
Prove that : A DFM is an isosceles triangle. (New Malley 05) 


1] In the opposite figur 





M is a circle of radius length 13 cm. » 
AB is a chord of length 24 cm. ; 

C is the midpoint of AB 

and MC f circle M = ID} 

Find : The area of the triangle ADB 





{11 In the opposite figure : 
M is a circle » AB // СО,» 





X is the midpoint of AB 
and XM is drawn to cut CD at Y | 
Prove that : Y is the midpoint of CD ( El-Menia 18 s Assiut 18 » Aswan 15 » Alexandria 13) 


1 In the opposite figure : 

AB and AC are two chords in circle M 

that includes an angle of measure 120° , 

D and E are the two midpoints of AB and AC 


respectively.» DM and EM are drawn to intersect 





the circle at X and Y respectively. 





Prove that : The triangle XYM is an equilateral triangle. 


In the opposite figure : 

AC = AB ; X is the midpoint of AB › 
Y is the midpoint of АС, 

т (4 MXY)- 30° : 
"rove that : The triangle AXY is equilateral. (Assiut 14) 
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_ In the opposite figure : 

Two concentric circles with centre М › 
is a chord of the greater circle 

and intersects the smaller circle at C › D 
and ME -L AB 

Prove that : AC = BD 





— In the opposite figure : 
ABC is a triangle drawn inside a circle with centre 


M (inscribed triangle) › MD -L ВС and МЕ -L AC 





Prove that : 





(1) ЕР // АВ (Kafr El-Sheikh 16 » El-Beheira 13) 
2 The perimeter of А CDE = 5 the perimeter of A ABC 





— In the opposite figure : 

AB is a chord of circle M ; 

AC bisects Z BAM and intersects circle M at C 
If D is the midpoint of AB 

Prove that : DM -L CM 





In the opposite figure : 
AB is a diameter in circle M 
, BA NDC = ÍN] 

Prove that : NC > NA 








In the opposite figure : 
AB is а diametér'of the circle M ; 


CD is a chord. of it » XC L CD 





and YD CD 
Prove that : AX = BY (Sharkia 09) 
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| ^ МА= МО=1 









^ А AMD is an isosceles triangle. 
"mí(Z DAM) = т (2 ADM) = 25° 
^ т(2 DAC) = 25° + 40° = 65° 
^ In A ADC: 
т (4 ACD) = 180° 
. DCL 








- (25° + 65°) = 90° 
> MEDC 






^, C is the midpoint of AB 


| ' X is the midpoint of CB | 
. MX 1 BC po, 
-m(Z DMX) | Г 
= 360° – (90° + 90° + 56°) Ve ch 
- 124 (First req.) 
s" MDL AB 
^. D is the midpoint of AB | 
^ ADz4cm. | 
In A ADM : 
"mí(ZADM)z90* › АМ =г= 5 ст. 
=] 9=Зст: 
| ** VES )-3-2cm. (Second req.) 


(Q.E. р) 


' D is the midpoint of AB 
*. МО 1 AB 
г. m(Z BDM) = 90° similarly m (2 MEA) = 90° 
^. From A AFE : т(2 DFM) = 45% 
and from A РЕМ m CZ DMF) 45° 
^. A DFM is an isosceles triangle. (Q.E.D) 
С is the midpoint of AB 
. MD L AB 
In A ACM : ': m(Z АСМ) = 90° 
г. (МС)? = (АМ)? ФАС)? (Pythagoras! theorem) 
^ MC = 5 ст. 
5 = & cm. 


^. (МС)? = (13)? - (12)? = 25 
^ CD=MD-MCe 13 
”. The areaof A ADB = — 


B. " + 
= x 24x = 96 cm? 


(The req.) 


^ X 15 the midpoint of AB 













*. MX 1 AB *. m(Z AXY) = 90° 
^" AB// CD » XY is a transversal 
-mí(Z XYD)zm(ZAXY) 
= 90° (alternate angles) 
* MY LCD 
2. Y is the midpoint of CD 
'" Dis the midpoint of AB 
. MD L AB 
^" Eis the midpoint of AC * MEL AC 
-. mié Z DME) = 360* — (120? + 90? + 90°) = 60? 
4 wi XMY)-m(Z DME) = 60° (V.O.A) 
" МХ = МҮ =t 
4 A XYM is anequilateral triangle. 
" X is the midpoint of AB 
. MX DAB 
^ dn GL AXY) = 90° — 30° = 60° 
|VABEAC . ТАВ = 1 АС 
^ AX = АҮ ` MMC Sam 
. AAXY is an equilateral triangle. (Q.E. D. ) 


(Q.E.D) 


In the great circle : 

7 МЕ 1 AB г. E is the midpoint of AB 

^ AE = EB (1) 

In the small circle : 

> ME LCD 

-. CE = ED (2) 

AE - СЕ = EB - ED 
(Q.E.D) 


*. E is the midpoint of CD 


Subtracting (2) from (1) : .". 
^ АС = BD 
' MD LBC 
> ME L АС 
. In A ABC : 


. Dis the midpoint of BC 
+. E is the midpoint of AC 


~ D and Е аге the two midpoints of BC and AC 
respectively. 


:. ED// AB (Q.E.D 1) 
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|  Disthe midpoint of BC 


7 Eis the midpoint of 
;. ЕС = + AC (2) 


À 
+ D and E are the two midpoints of BC and AC 
respectively. 
^. РЕ = + AB (3) 
Adding (1) › (2) and (3) : 


|... The perimeter of A CDE 


= i the perimeter of A ABC (Q.E.D. 2) 





In AAMC: 
"АМ =МС=г ..т(/ МАС) = т(2 АСМ) 
| *.^ m(Z ВАС) = т (2 MAC) 
^ т (2 BAC) = т (2 АСМ) and they аге 
alternate angles 
г. AB// CM 


^ Dis the midpoint АВ .. MDLAB 
—"AB/CM | .«DMLCM (Q.E.D) 





| InAMNC : *: NC MC» NM (triangle inequality) 
‚`` МА=МС=г › NM=AN+4+MA 
г. NC + MC» AN + MA 
^. NC» AN 
| Construction : 
Draw ME 1 CD to cut it at E 
Proof: `` МЕ L CD 
| ^. Eis the midpoint of CD X 
‚ т (4 XCE) = m (Z MED) = 90° 
. || but they are corresponding angles 
1e я, XC // ME similarly MEW YD 
я, XC // ME // YD 
| +» XY and CD are Wo transversals to them 








‚СЕ = ED ХМ = MY 
|^, АХ = BY (О.Е ШО.) 
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Prep [ 3 ] - Second Term - Geometry - Unit [ 4] - The Circle 


Lesson [2] : Positions Of A Point and A Straight Line With Respect To A Circle 








Position ofa point with respect to i a T circle 





If M is a circle of radius ma randAisa a point! in its pra » then : 





—— e ини aH ЕЕ АС = ‚шыш. Балы — = ш = -— 
m 


o AM НИЕ the circio М1 Y Ө. А is on the circle М ] €) Ais inside the circle M | 








| : | 
| | | 
| | 
| 
| | | 
| | 
| | 
| | | 
| 


—— IfMA>r —— ^——— EM: Y — ND ИМА<г —— 


Second 


mm 











Then 





| The straight line L 
lies outside 
MA»r the circle M 





* LN the circle M = Ø 
* LN the surface of the circle M = Ø 





— — — — — ÀÀ — q m oo eo с к — 2 GR LE ———— —— —— аш — = — o аа — шш ии — — —— шишиши. = = = — = 


The тит line L is 
a tangent to the 





2 circle M at. A * LN the circle М = {A} 
MA-r А ә кауеа * L N the surface of the circle М = {A} 
the point of 








* LAN the circle M = {X » Y] 
* LN the surface of the circle М = XY 


1 The straight line L 1$ 
a secant to 
МА <r the circle M 





* ХУ is called the chord of intersection 
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|! Two important facts 











| о Тһе ие to a circle is perpendicular | (e The ‚сш line which i is pecpendicaiar | 
to the radius drawn from the point || to the diameter of a circle at one of its 
| oftangency. | endpoints is a tangent to the circle. 








| 























| 
| Le. if the straight line L 1s a tangent to || Le. if АВ! IS а diameter c of the circle M and 
| the circle M at the point A › | | the straight line L.-]- AB at the point A : 

then МА LL then L 1s à tangent to the circle M at the Lina A 


BG = - — Ee Шла Шынар "RS ЕШ ÁÀ—— —W = —À—— —BáaÀÁ—À—ÀÀBolim- —9MÓÓÀ—' SM'G B Жыйыны: ~ T ашанын € И >; — — 








In the opposite figure : 

BCisa tangent at B 

sm (L С) = 45° 

; D is the midpoint of AH 

Prove that : DA=DM (Aswan 11) 


In the opposite figure : 

AB is a diameter in the circle M , 
ACisa tangent to the circle at А, 
2 m (Z DMB) = 100° 





Find by proof : 
1 m(Z ACB) 
[2 m (СОМ) (El-Menia 11) « 50° › 140° » 








Page[2]- Prep [3 ]- Second Term - Geometry - Unit [ 4 ] - Lesson [ 2 ] - Mr. Ma. Esmaiel 

















| Page [ 3 ] - Math - Mr. Mahmoud Esmaiel - Mobile : 01006487539 - 01110882717 


4 In the opposite figure : 

M is a circle with radius length 5 cm. ; 

ХУ = 12 cm. » MY N circle M = {Z} 

and ZY =8 cm. 

Prove that : XY isa tangent to the circle M at X 





(Matrouh 17 + South Sinat 16 4 Qena 19 ъ El-Beheira 14) 


t- In the opposite figure : 
ABisa tangent to the circle M at A › 


MA-8cm.»m(Z ABM) = 30? and AC LMB 





Find : The length of each of AB and AC 


(Giza 19 » Matrouh 18 + New Valley 18 » E-Monofia 14) « 81 3 cm. 4 3 ст. » 


In the opposite figure : 
M is a circle » XY isa tangent to the circle at X 


‚ MY N the circle M = {Z} 





ХУ = 12 ст. › YZ = 8cm. = № 
Find : The radius length of the circle. (El-Menia 13) « 5 cm. » 


In the opposite figure : 
AB and AC are two tangents to the circle M 
» touch it at В „С respectively 


and m (Z ВАМ) = 2: 





1 | Prove that : MAcbiseets Z BMC 





( Port Said 17) « 130? » 
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In the opposite figure : 
AB is a chord of the great circle and touches 
the small circle at C › AB = 8 cm. and the 


radius length of the great circle = 5 cm. 





Find : The radius length of the small circle. 





In the opposite figure : 
[at С  AB// МО, 





DC touches the circle | 





m (4 ВАС) = 80° , m (4 MDC) = 20? 
and ACN MD = {Е} 
Find : m (Z ECM) (Beni Suef 05) « 30? » 


AB is a diameter in a circle of area 36 n сто» BC isdrawn a tangent to the circle at В » if 


m (Z ACB) = 60? » then calculate the area of A ABC (El-Dakahlia 14) « 24^| 3 cm2 » 


Prove that : The points A (3 »— 1) B (— 4 » 6) and C (2 5 – 2) are located in circle whose 
centre is the point M (— 1 » 2) «then find the circumference of the circle. 


( EI-Beheira 11) «10 Л length units » 


J If CD is a diameter of circle M Where M (1 › 1) » D (3 ›-2) 











Find : The equation of the tangent to M at C (El-Dakahlia П) « y == X + 4&» 
In the opposite figure : 
AB touches the circle M at В.» is a diameter of it » e. 
| | басгы А 

m (Z ВАМ) = X? and m(Z MDB) 2 2 X? 
Find : The value of Xan degrees. (Ismailia 06) « 18? » 
In the opposite figure : Ж” > v 

‘ ‚я ы / / Е 4 Ў \ \ 
Two circlésvare concentric at M | | M | | 
» AB is a'chord in the greater circle and touches А № = / V, 


the smaller circle at C » if AB = 14 cm. 


Find : The area of the part included between the two circles. — (El-Dakahlia 19) « 49 Л cm? » 








| 
! 
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In the opposite figure : 
M and N are two congruent circles » 


AB is a common tangent to them › 





C is the midpoint of АВ, 
the circle M N MC = {X} , ће circle МП] №С = [Y] 





Prove that : T) AB 
A CMN 1 an 1sosceles triangle. 
XY // MN (El-Kalyoubia 04) 
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If a straight line L is a tangent to the circle M whose diameter length is 8 cm. » then L 


is at a distance of ·......... cm. from its centre. (Souhag 19 » El-Kalyoubia 18) 
(a) 3 (b) 4 (c) 6 (d) 8 

A circle M is of radius length 5 cm. › А is a point outside the circle.» 

then MA equals .......... СШ. ( Gharbia 03) 
(a) 5 (b) 5 (c) 8 (d) 4 


If the diameter length of a circle is 8 cm. and the straight line. L 15 at distance of 3 cm. 





from its centre › then the straight line L is --------- (Damiétiad6 • El-Menia 14) 
(a) a tangent to the circle. (b) a secant to the circle. 
(c) outside the circle. (d) an axis of symmetry of the circle. 


If M is a circle its diameter length = 14 ст.» MA = (2 Х+ 3) ст. where A is a point on 
the circle › then X = ·..:...... (El-Kalyoubia 17 + El-Sharkia 15) 


(a) 5 (b) 3 (c).2 (d) 1 


111 AB is a diameter in a circle M. » AC and BD are two tangents to the circle » 


hen AC «s BD (Alexandria 13) 
(a) intersects (b) is perpendicular to 
(c) is parallel to (d) is coincident to | 


L A circle is of a circumference 6 Л cm. › and the straight line L is distant from its 


centre by 3 cm. $ ћеп the straight line L is .......... (Red Sea 19 » Red Sea 17 » El-Monofia 15) 
(a) a tangent to the circle, (b) a secant. 
(c) outside the circle. (d) a diameter of the circle. 


If the area of the circle-M is 16 Л ст“ › А is a point in its plane where МА = 8 cm. › 
then A lies .......... the circle M (Qena 17 + El-Sharkia 09) 


(a) inside (b) outside (c) on (d) at the centre of 


М isa circle with diameter of length 8 cm. If the straight line L is outside the circle ; 
then the. distance between the centre of the circle and the straight line LE .........- 
(а) |4»e[  (5)[0,4| (с) |0 ›4| (d) [0 58] (Kafr El-Sheikh 14) 
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A circle with diameter length (2 X + 5) ст. › Ше straight line L 1$ at a distance (X + 2) ст. 


from its centre › then the straight line L is -------. 


(a) a secant to the circle at the two points. 
(b) outside the circle. 


(c) a tangent to the circle. 


(d) an axis of symmetry of the circle. 


o c Ч 


АВ 1$ a tangent to the circle M 

m(Z В) = 30° sAM=6cm. 

> then МВ = .......... cm. 

(а) З (b) 6 (с) 9 
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~ BC isa tangent to the circle M at B 
г. ВС 1 MB 
In A ABC:mí(Z А) = 180° – (45° + 90°) = 45° 

>". Dis the midpoint of AH ^. MD L AH 
In A ADM : 
m(Z ОМА) = 180° - (45° + 90°) = 45° 
„. т (2 DAM)=m(Z DMA) 


^ DA = DM (Q.E.D.) 


‚т (2 CDM) = 180° - 40° = 140° (Second req, 


МА =г= 5 ст. ”. MY = Зет. 
‚2 (МУ): = 169 ‚(МХУ = 25 
(XY = 144 
(МХ)? + (ХҮ)? = (MYY 
-.míz МХҮ) = 90° ч XY LMX 


^ XY is a tangent to the Circle M at X (О.В) 


„ АВ іѕа tangent to the circle M at А 
г. m(Z MAB)290* 


MA E 
. _ X P = —_ 
tan (В) = АБ an X AR 


A АВ=81 3 cm. 


In A ABC which is right-angled at C 
"mí(Z АВСУ= 30° 
‚ AC Dan F Led: 


(Second req.) 





In ^ MDB : 

^" МО = МВ=т 

;. m(Z MBD) = т (2 MDB) = — TL = 40 
‚> AC isa tangent to the circle M at A 

г. MAL АС 

In A ABC : 
m (Z C) = 180° - (90° + 40°) = 50° (First req.) 


^ XY is a tangent to the circle at X 














‚ MX 1L XY я. m(Z MXY) = 90° 
+ ТА МХУ : (МҮМХ) + (ХЮ? 
2. (MZ + 8)* = (МХ + 144 

© MZ=MX =r oe. (т +8) =r 144 
+ 16 г +64 + 144 Ц г = 80 


S0 5 с 


т: (The req.) 


n а tangent tà Шестс!е M at B 
MB АВ .m(Z ABM) = 90° 
“JAC isa а tangent to the circle M at C 
DMC 1 AC ^. m(Z ACM)290* 
^. In AA ABMs АСМ which are right-angled 
MB SMC zr 
АМ is a common hypotenuse 
^N ABM = A ACM 
г. m(Z AMB) = т (1 AMC) 
*. MA bisects Z BMC 
From A АВМ : m(Z AMB) = 180° 
= 65° 
2 х 65° = 130° 


(First req.) 
(90° + 25°) 


.m(Z BMC) (Second req.) 


In the small circle : 

„ МС L AB 
MC L AB 
”. АС = 4 ст. 


- ABisa tangent atc 
In the great circle : * 

7. С 15 the midpoint of AB 

‚ *. АМ = 5 ст. 

. In AACM which is nght-angled at C 


= (AMY - (АС) 2125-16 = 3 cm. (The req.) 
> DC isa tangent to the circle М at С 
+ MC LDC . m(Z MCD) = 90° 
^ In A DMC: m(Z I ОМС) = 180° - (90° + 20°) = 70° 
>: АВ // MD , АЕ is a transversal to them 
^mí(Z МЕС) = m (2 BAE) = 80° 

(corresponding angles) 

^. In A MEC : 


m(Z ЕСМ) = 180* - (70° + 80°) = 30° (The req.) 
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'* The area of the circle = 36 Л 
"a IL — 36 7T 
^ r^ 236 


^Arzócm. * AB touches the smal! circle at C 


". АВ = 12 cm. wW Pa ^ МС | АВ 

Ач BC is à tangent to the circle M at B ^ АВ is а chord of the 
- BC LAB great circle » MC | AB 
In А ABC : tan (4 C) = АВ = == ^. Cis the midpoinggA 8 


BC 


РЕ 12 _ 14 fa = г. АС = 12 27 ст 
tan (60°) — 1 


`. The area of A ABC j нөн и; nga = Т * 
= + АВХВС = 1+ x 12x 433 АСЮ? – (МОИ 
s . (0) (МА) - (МС) 
^. (МАХ - (МС)? = 49 


— EIE Dm Iu ‘a The area of the included part between the two 
cireles = the area of the greater circle — the area 


= 2493 ст“ (The req.) 


z 5 length units 


—-— | eof the smaller cirelé = Л (МА) - Л (MC) 
put Mg dn = It |(МА)? -(МС)?] = 49 cm? (Тһе гед.) 


= 5 leneth units 


- AB is a № ма to the circle M at B 
- 5 length units „МВ АВ  .m(ZABM)-90* 
'/ MBe MD (lengths of two radii) 
-.mí(Z MBD)-m(Z МОВ) = 2 x^? 
I-InAABD:mí(Z А) +  m(Z АВО) +m (Z О) = 180° 
5° + 90° +2 X° +2 Х° = 180° 


" MA = MB = MC 
'. The points A +B and С lie on the circle М (Q.E.D:1) | 
» its circumference = 10 Л length units. — (Q.E.D.2) 


: CD is a diameter іп the circle M | | “ | 

" Д = T „ХХ = Р “Хе 18° (The req.) 
^ Mis the midpoint of CD | | = _ _ | | 
LeC(Xsy) (1.1) = (88 


F 


^A^X4-322 


^Oy 2:2 


meas 204-6 4. 3 
3+ | 4 


. The a др of thé perpendicular straight line 
(О Ср Р = = = 


, * the tangent to the circle Mat C is 
perpendicular to CD 

. The slope of the tangent to the circle at C = 

. The equation of the rangent is : у = = Х+с 





^ the tangent passes through the point С (- 1 +4) 
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Construction : We draw МА and NB 
Proof: ; АВ isa tangent to the circle M at A 
similarly LAB 
. MA // BN 


> ^ МА = NB (two radii of two congruent circles) 














^. АММВ is a parallelogram 

:. AB // MN (Q.E.D. 1) 
In AA AMC » ВМС: 

ГАС = BC (given) 

МА = BN (given) 

[т (2 MAC) = m (Z NBC) = 90° (proved) 
. AAMC =A BNC г. МС = МС (1) 
" А СММ is ап isosceles triangle — (Q.E.D. 2) 
^ МХ = МУ (2) 
. Subtracting (2) from (1): 


.MC-MXsNC-NY  ..CX-CY 














". From the isosceles triangle XCY 
ae | RO. mis 1) 
^Lm(ZUCAY)ms——————— 


F. 


and from the isosceles triangle MNC 
180° -m (2 1) 
^ 


(3) 
".mí(Z CMN) (4) | 
From (3) and (4): т (2 CXY)2m(Z СММ) 

and they are corresponding angles 

. XY / MN (Q.E.D. 3) 








іч [а [мы [| 
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Lesson [3]: Positions Of A Circle With Respect To Another Circle 


























Then the two circles are : Distant | , пеп (пен Fircles are : | 
Touching externally | 
| Notice that : | Hc | Notice that sf | 
» The circle M Г) the circle N E. The circle М ( ) the circle N = [A! | 
• The surface of circle M f) the surface | s» The surface of circle МТ) the surface 
of circle М = Ø | of circle М = А; | 
"i | ee p 
| ad 
| | | | 
| | 
| | 
Then the two circles аге: Then the two circles are : 
Intersecting | Touching internally 
| Notice that : XU dg | | Notice that : | 
» The circle M f ) the circle М {A ` в} | y The circle M f) the circle М = {A} 
» The surface of circle M f) the surface of | » The surface of circle M f ) the surface 
circle М = the surface of the shaded part. | . of circle М = the surface of circle N | 























( 
| 
| | 
| | 
Then the two circles are : “ | | 
| hen A cines are Then the two circles are : 
| One inside the other нен 
| A (the circle N is inside the circle M) Рт 
ОМ | Notice in the two cases {һаї:) -— 3 
| ‚ The circle M f) the circle М = Ø 
| » The surface of circle M f ) the surface of circle М = the surface of circle N | 
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м БЕ 
























E 7 E - г. г, + г, 
| EE The length of MN 
| | 
| \ 
| One inside Touching _. | Touching | Е 
| the other | internally J intersecting, | externally. шаш 
| ) 
| 
| а ээл м Б. вы EU GEM 














‹‹ Remarks | 
From the previous summary , we notice that : | 
ӨМ and М are two distant circles › then : MN € ] ГА + t ; T2 


© If M and М are two intersecting circles › then : MN €] Г. = 3 n + hu 












€——Ó————— 





Corollary 4 ) 








The line of centres of two touching circles passes раро. the point of tangency and 
is perpendicular to the common tangent at this point. 


In the two opposite figures : 
If the two circles 

M and N are touching 

at A (the point of tangency) » 





the straight line L 1s a cor 





mon tangent to them at A 
‚ then A € MN and MN L the straight line L 





Corollary 2) 














The line of centres ‚ог two nec ting circles is perpendicular to the common chord 
and bisects it. 





In the opposite figure 
If M and N are two circles intersecting at А and В › 


then MN L ‚ MN bisects AB i.e. AC = BC 





This mean that MN is the axis of symmetry of AB 
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— = ш се — — —— 8 


© If M and М * ione of them is inside the oth. > then : MN NE} о р "ц – rol 39 






y 
| 

lm | 

а Smaiei | 

| 

E n | 

















In the opposite figure : B 
M and М are two circles touching at A › и " vy 
1 | the distance between their centres MN = 12 cm. \ j 
If NB =7 cm. O- ~ 
Find : The length of MA 


LJ In the opposite figure : 

M and М are two circles with radii lengths of 10 em. and 6 cm, 
respectively and they are touching internally at А › 

AB is a common tangent for both. 


If the area of A BMN = 24 ст iw da 


на ——= 





Find : The length of AB (El-Kalyoubia 18 » Luxor 16 » Port Said 14) « 12 cm. » 








iJ In the opposite figure : 
M and N are two intersecting circles at A апа В ; 


СЕВА ‚р Ethe ciréle М» [N 





\ м | Y | M j 
m (4 MND) = 125? and m (4 BCD) = 55° V =” 


Prove that : CD'1s a tangent to circle N at D (Red Sea 19 » Kafr El-Sheikh 17 » Souhag 15) 





In the opposite figure : 

M and N are two intersecting circles at A and В, 

C is the midpoint of ХУ › m (4 D) = 40°, 

FZisa tangent to the circle N at F where MN N ЕЙ = IF! 
Find : m (Z CME) « 140? » 


2) Prove that : FZ // AB (El-Fayoum 11) 
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In the opposite figure : 

Two congruent circles M and N are intersecting at A and B 

If МА = 10 cm. AB = 12 ст. 

Find by proof : The length of MN (El-Menia 17) « 16 cm. » 





LJ M and М are two intersecting circles at A and B » МА = 12 cm УМА = 9 em. and 
6 | ММ = 15 см. 
Find : The length of AB (Port Said 11) « 14.4 cm. » 


In the opposite figure : 

M and N are two intersecting circles at A and B 
7 | where C is a point on the circle М, 
D is a point on the circle М , С EMN DEMN 
Prove that : m (Z CAD) = т (4 CBD) (El-Sharkia 15) 








If M (3 , 5) and N (- 3 ›- 7) are the. two centres of two circles whose radii lengths are 





в | 415 length units and 21/5 length ünits respectively »A (— 1 »— 3) 


Prove that : The two circles are touching at. A showing the kind of tangency. (Helwan 09) 
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M апа М are two circles touching internally » their radii lengths are 3 cm. 


and 5 ст.» then MN = .......... cm. (Bent Suef 17 » El-Gharbia 15) 
(a) 8 (b) 6 (c) 4 (d) 2 


re 4 cm; and 2 cm. 
, then MN = ........ » СП. (Cairo 15) 
(a) zero (b) 2 (c) 6 (d) 7 


M and М are two circles touching externally › if their radii lengths t 





M and М are two circles of radii lengths are 9 cm. and ст. respectively › MN = 5 cm. » 


then the two circles are .......... ( El-Dakahlia 17 » El-Gharbia 14) 
(a) touching externally. (b) touching internally. 
(c) intersecting. (d) distant. 


M and N are two circles : their radii lengths are 8 cm. and 3 cm. » if MN = 11 cm. » 


then the two circles M and М аге ...#% ( El-Menia 13) 
(a) distant. (b) concentric. 
(с) intersecting. (d) touching externally. 


M and N are two circles » their radii lengths are 4 cm. and 3 cm. If MN = 9 cm. › then 


the two circles аге... (Port Said 09) 
(a) distant. (b) intersecting. 
(c) touching. (d) one 1$ inside the other. 





If the radii lengths of the two circles M and М are 6 cm. » 3 cm. » if MN = 2 cm. 


» then the two circles. М › N are .......... ( El-Dakahlia 18) 
(a) intersecting. (b) one is inside the other. 
(c) touching externally. (d) distant. 
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If the radius length of the circle M = 3 cm. and the radius length of the circle N = 5 cm. 


’ ‚ММ = 6 cm. ; then the two circles M and М are .......... (El-Gharbia 08) 
(a) distant. (b) one is inside the other. 
(с) intersecting. (d) touching externally. 
LJ M and М are two intersecting circles their radii lengths are 3 cm, and 5 cm. 
respectively » then MN C .......... (Alexandrià-f6 » Cairo 16 «Suez 11) 
(а) |0 » 2| (b) ]2,8[ (c) ]8 » cof (а) |2 › cof 
Two circles М and М with radii lengths 8 cm. and 5 ста. respectively › are touching 

9 | when MN C ......... (El-Dakahlia 16) 


(a) ]13 ›3| (b) ]3 » 13[ (c) К [3 » 13] — (d) 13 » 3} 


M and М are two intersecting circles at A and B › then the axis of symmetry of AB 
[S «e (El-Monofia 04) 
(а) MN (b) NM (c) MN (d) MN 


If the radius length of the circle M= the radius length of the circle М = MN : then the 


two circles аге... (Alexandria 05) 
(a) one 1$ inside the other. (b) touching externally. 
(c) distant. (d) intersecting. 


If the two circles M and М are touching internally › the radius length of one of them 1$ 3 cm. 
and MN = 8.cm. »then the radius length of the other circle = .......... cm. (Giza 17) 
(a) 12 (b) 11 (c) 6 (d) 5 





M and N are two touching circles where ММ = 6 cm. › the radius length of the greater 
circle is 10 cm. » then the radius length of the smaller circle = .......... ст. (El-Sharkia 05) 


(a) 16 (b) 12 (c) 8 (d) 4 
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M › М and L are three circles touching externally two-by-two* their radii lengths are 5 ст.» 


бст. and 4 ст.» then the perimeter of the triangle MNL = ...... cm. (El-Monofia 11) 
(a) 15 (b) 30 (c) 4 (d) 60 


If the two circles M and М are touching externally » the radius length of the circle M 
is 4 cm. » if MN = 7 cm. › then the circumference of the circle М 18%... cm; 
( E-Monwfia 16) 


(a) 4 JL (b) 6 IU (c) / IU (d) Л 


A circle M of radius length 4 cm. touches a circle М internally » MN = 7 cm. : then the 
16 | circumference of the circle M : the circumference of the circle М = *%........ (El-Dakahlia 09) 


(a) 4:7 (b) 3:4 (c) 453 (d) 4 : 11 
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^ ММ = МА + МА 
" МА = МВ = 7 cm. (lengths of two radii) 
г. 2 =МА+7 ..МА=5ст. (The req.) 


'' The two circles are touching internally at A 


*. MN210-624 cm. MN L АВ 


г. The area of A BMN = + x MN x AB 


= 


^ АВ = 12 cm. (The req.) 





"i MN is the line of centres ; AB is the common 
chord 

~ AB.L MN :. m (Z AEN) = 90° 

^ The sum of the measures of the interior angles of 
the quadrilateral CDNE = 360° 


"miZ СОМ) = 360° - (55° + 125° + 90°) = 90° 
» NDLCD 
^. CD is a tangent to the circle М at D (Q.E.D.) 


б ММ is the line of centres + AB is the c тї 
chord 
>. MN LAB *. m САЕМ 90° 
‚ * Cis the midpoint of XY 
;. MCL XY л (Z MCX) = 90° 
In the quadrilateral DCME.: 
т (2 CME) = 360° - (90° + 90* + 40°) = 140° 
(First req.) 
‚> ЕД ва tangent (0 the circle N ar EF 
+ МЕ 1 ЕЙ ^ т (МЕД) = 90° 
. т(2 МВА) = mZ NFZ) 
and they are Corresponding angles 


M FZ // АВ (Second req.) 


© MN is the line of centiés » AB is the 
common chord of the two circles 
‚С the midpoint of AB 
=, AC = 1х 6 cm. 


> 





ТАМ = АМ№ =г 
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»AC 1 MN 
^, C is the midpoint of MN 
" MNz2MCz2xBzló6cm. 












(The req.) 


+ MN is the line of centres » 
AB is the common chord of 
the two circles 

. MN LAB ,АС = CB 


In ААММ: (АМ) = 81 


„(АМ = 144 ‚(ММ)? = 225 N 

ММУ = (АМ)? + (АМ 

. AAMN is right-angled at A s ^ AC LMN 
AMPXAN _ 12х9 _ 


MN |5 
^, АВ=Е2АС = 14.4 cm. (The req.) 


ХАС = 7.2 cm. 


-- MN е line of centres 

‚ AB is the comnon chord 

г. MN is the axis of symmetry of 

^ CA = CB 

г. In A ABC : т (2 САВ) = т (2 CBA) (1) 
>’ DA = DB 

^ In A АВО: m (4 ОАВ) = m (2 DBA) (2) 
By adding (1) • (2) : 

г. т (2 САО) =m (2 СВО) (Q.E.D.) 


(3 +1) «(54 3) =} 


= 475 length unit 
^. A € the circle M 


(-341) 4(-743Y =‘ 4 + 16 


= 7 ү 5 length units 
^. A €- the circle N 


(3 3)2 «(54 7) =] 36 +144 
= | 180 = 6\/ 5 length units 
^. ММ = МА + МА 


^. The two circles are touching externally. (Q.E.D.) 
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Prep [ 3 ] - Second Term - Geometry - Unit [ 4 ] - The Circle 


Lesson [ 4] : Identifying The Circle 





The circle is identified 1f we know : 
Г Its centre. Its radius length. 


In the following» we will study the possibility of identifying (drawing) the circle under 
certain conditions. 





First | Drawing a circle passing through а given point 


We can draw an infinite number of circles passing through a given point. 


$есопа Drawing a circle passing through two given points 
There is an infinite number of circles that can be drawn to pass through the two 
points A and B and all their centres lie on the axis of symmetry of AB 


L 
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tt Remarks | 
‚ If AB is a line segment and the required is drawing a circle passing through 
the two points А and B »then : 





э | › Шеп we can draw two circles (as shown in the previous exami) 





» then we can draw one and only one circle Gti 1$ the smallest circle) 


» 0. 


eter of it and its centre 


a M 





passing through the two points A and B › hence AB is a dia 





is the midpoint of AB дь 2 
3) If r« Y AB |, Шеп it is impossible to draw any circle. | 
* Any two circles do not intersect at more than two poir its. д ү” 39 


Drawing a circle passing through three given points 





If A „В and С are three points in the plane and the required is drawing a circle 
passing through the three points А • B and С: 
Then we must distinguish between two gases’: E 
FD If the points A » B and C are collinear as in figure (1) 
» then the two straight lines L, and L7, are parallel not 








intersecting. 
In this case » it is impossible to draw a circle passing 
through the three points A » B. and C Fig (1) 


HF 
Le. 
- “+ ' 7 | 
E- 4. Roc J 
t IS im о | УТ S ae | 
| | E * | ! 
pe Sone aes “3 Бар "a e TUM Le - 





If the points А • В and С are not collinear as in figure (2), 





the centre of the required circle which passes through the 


L, and 15 intersect at one point as M › then M is 





three points А » B and C then the radius length 
of this circle = MA = MB = MC 





F Fors yt hree shes ien , th 


irc le с in b 





зе dra га iV мп to pa: SS 
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Notice that : 
There is a unique circle passing through three points as A › B and C which are not collinear 
and the centre of this circle is the point of intersection of any two axes of symmetry of the. | 
| axes of the line segments AB > BC and AC ? ы” 














Corollary 4) 





The circle which) passes rom the vertices of a triangle is called ie ci cumcir 

of this triangle. „ = ~ N 
Sb лд M 

| » 4 












* The triangle whose vertices lie on a circle is called f£? РУ. 
- | 
the inscribed triangle of this circle. См 
Car " о | 
In the opposite figure : С 


М 15 the circumcircle of A АВС Аъ - 


or A ABC is the inscribed triangle of the circle M n y 


Corollary 2) 














then " wis Mi is the c centre of у син of A ABC 


ex 


"n E 
E | g 97, уде > 
м | = A. p 
| "c " d j = 
= к m 
т е6 С 


" Д 
с — й 


- 
« ў 
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tt Remark | 
The position of the centre of the circumcircle of the triangle as M differs 
according to the type of the triangle as shown in the following table : 








The acute-angled triangle 


| 








The right-angled triangle | "n obtuse-angled triangle | 








|| 


| 
| 
| 
| 





i Е . " * x | | 7. а * Р . . | | 
| Mis inside ] | | M is the midpoint Ау 
| the triangle . of the hypotenuse я 





| 

А | 
1 

|| 

| 

B | 











| Mis outside | 
. the triangle | 


a 
=_= EEE ^" 


) 


а "T ee : 
Р = == — — —g ÓM —€—————— ee че; м кшш RERO Чр в ee т 





* А special сазе: 

The centre of the circumcircle of the equilateral triangle is : 
- The point of intersection of its sides axes. 
- The point of intersection of its altitudes. 


- The point of intersection of its medians. 





- The point of intersection of the bisectors of its interior angles. 


се Remark! | 
We can draw a circle passin 


= Ir me — i, am. 


through the vertices of (the rectangle › the square or 


T 








the isosceles trapezium) while. we cannot draw a circle passing through the vertices 


of (the parallelogram › the rhombus or the trapezium which is not isosceles). 3? 
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If A CL » draw the circle M passing through А and its radius length = 3 cm. if: 















4 | LU М Ethe straight line L » how many circles can be drawn ? 
[2] МЄ the straight line L › how many circles can be drawn ? (Assiut 11) 
А and B are two points where АВ = 6 cm. Draw a circle of radius length $em. and passes 
through the two points A and B 
Find : 
The number of circles can be drawn. 
'8) The distance of the centre of the circle from AB by proof. (Damietta 17) « 4 ст. » 
AB is a line segment of length 6 cm. Draw the circle that passes through the two points 
A and B and its radius length 1s the smallest length. (Luxor 05) 
Using the geometric tools and draw AB with length 6 cm. » then draw AC 
where т (Z САВ) = 60° , draw the circle that passes through the points A › B and its centre 
lies on AC and calculate the length. of its radius (Don't remove the arcs). (Ei-Dakahlia 17) « 6 ст.» 
Draw a circle with radius length of 3 ст. апа touches to the straight line L 
What is the number of possible solutions ? (Giza 06) 
iJ Draw the right-angled triangle ABC at B where AB = 4 cm. and BC = 3 cm.» then draw 
6 | the circumcircle of this triangle. Where does the centre of the circle lie with respect to the 
sides of this triangle ? (Damietta 18) 
Using geometrical instruments » draw the isosceles triangle АВС ш which 
7 | m(Z ABC) = 120° 5 BC = 4 cm. Determine the centre of the circumcircle of it 
and find its radius length. (El-Dakahlia 11) « 4 ст.» 
Draw A АВС in which : AB = 5 cm. » BC = 4 cm. » and CA = 3 cm. What is the type of 
the triangle with respect to the measures of its angles ? then draw a circle whose centre 1s 
» the point A touches BC ; another circle whose centre is B and touches AC and 
a third circle whose centre is C and touches AB (Beni Suef 06) 
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If A (2 50) and В (- 2 »3) » draw a circle M of radius length 4 length units and passes 
9 | through the two points А and B 
How many solutions are there for this problem ? (North Sinai 09) 
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It 15 possible to draw .......... passing through а given point. (New Valley 031 
(a) one circle (b) two circles 
(c) three circles (d) an infinite number of circles 
The number of circles which passes through two given points 18-5... MGiza 12) 
(a) 1 (b) 2 
(c) 3 (d) an infinite number. 
The number of circles passing through three collinear points 18... 

(Sdiffiag IS + Ска 16 s Ismailia 15) 
(a) zero (b) one (c) three (d) an infinite number. 
The number of circles passing through three non-collinear points 15 --........ (El-Menia 17) 
(a) 1 (b) zero (С) 2 (d) 3 
We can identify the circle И we are given ---------. ( El-Sharkia 08) 
(a) three collinear points. (b) two points. 
(c) three non-collinear points. (d) one point. 
The centres of the circles passing through the two points A and B lie on -..----.-. 

(El-Dakahlia 17) 

(a) the axis of symmetry of AB (b) AB 
(c) the perpendicular to AB (d) the midpoint of AB 


The centre of the circumcircle of a triangle is the point of intersection of .......... 
( El-Fayoum 19 s Kafr El-Sheikh 17 › Qena 17) 


(a) the bisectors of its interior angles. (b) the bisectors of its exterior angles. 


(c) its altitudes. (d) the symmetry axes of its sides. 
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If A ABC is right-angled at В ; then the centre of its circumcircle 15 .......... (Ismailia 03) 


(a) the midpoint of AB (b) the midpoint of AC 


(c) the midpoint of BC (d) outside the triangle. 


It is (impossible) to draw a circle passing through the vertices of .. =. 9. 





(Beni Suef 17 » El-Dak@ififia 13 + EldSharkiat1 2) 


(а) а rectangle. (b) a triangle. (c) a square. (d) a rhombus, 
It is possible to draw a circle passing through the vertices of »-------- 


(El-Sharkia 19 Ўёиһае 18 (217 s Beni Suef 16) 


(a a rhombus. (b) a rectangle. (c) a trapezium. (d) a parallelogram. 


If is a line segment of length 4 cm. › then the radius length of the smallest circle 


which passes through the two points A and B. — .......-.. cm. (El-Monofia 16) 
(a) 2 (b) 5 (c) 4 (d) 5 


If AB = 6 cm. » then the area of the smallest circle which passes through the two points 
f. 


А and B = .......... cm* ( El-Sharkia 15) 
(a) зл (b) 6 7 (c) 8 T (d) 9 X 
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Lg) When ME L we can draw an infinite number 


The centre of the circle lies at the midpoint of the 


In A ABC * 
АВ=ВС 


[1] We can draw two circles 
2)InAAM,D: 
© M,D L AB 
. Dis the midpoint of AB 
г. АО = i AB = $ хб= 3 ст. 
> m (Z ADM,) = 90° | 


^. A ABC is an isosceles triangle 
р г. BM bisects 2 АВС ~. m(Z МВС) = 60° 
" MBzMCz-r 
. А MBC is an equilateral triangle 


(The геа.) „МВ = МС = ВС =г= 4 ст. (The гед.) 













8 
The type of this triangle according to the measures оѓ 
— PELA its angle is right-angled triangle at C 
In AADM: `` AD L MD 
^. D is the midpoint of AB 
~ AD=+AB=4+ x6=3.cm. деў AB = +27 (03) 
c; mZ ADM) = 90° 1 9 






z 5 length units 
”. There are two solutions 


»om(ZA)= 60° 
г. m(Z AMD) = 180° - (90° + 60°) = 30° 
7. АМ = 2 AD =2 8.56 cm. (ТЋе гед.) 


There аге an infinite number of circles whose centres 
lie on a straight line parallel to the straight 
line L at a distance 3 cm. from it. 
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Prep [3 | - Second Term - Geometry - Unit [ 4 | - The Circle 


Lesson [5 | : The Relation Between The Chords Of A Circle With Its Center 





Fig. (1) A Fig. (3) -> 





Using the ruler , you can check by yourself the truth of the following information : 


| 
AB » CD AB « CD AB = CD 
› МХ «MY | ; МХ > MY | ›МХ = MY 











The relation between the chords of a circle and its centre : 





Theorem 





If chords of a circle are equal in length, then they are equidistant from the centre. 


Given | АВ = С” » МХ?! AB and MY L CD 
КТ.Р. | MX = MY 








Construction | Draw MA and МС 


Proof | ·:#МХ L АВ 





2. Х is the midpoint of AB 
‚ ay _ d Ah 
г. АХ = > AB 


" MY:ECD г. Y is the midpoint of CD 
"AM 1 
^. СЎЁ 5 CD 


"AB = СО (given) г. АХ = CY 


" AA AXM and СУМ ; both have 4 МА = МС =r 
т (Z AXM) = m (4 СУМ) = 90° 


^. A AXM = A СҮМ then we get: MX = MY (Q.E.D.) 
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== ЧИ, 






Corollary 
In congruent circles, chords which are eq 


In the opposite figure : 


If M and N are two congruent circles • 
АВ = CD ; MX L ABand NY LCD; 
then МХ = NY 








Converse of the theorem —— — — 


In the same circle (or in congruent circles) » 





chords which are equidistant from the centre (s) are equal in length. 


e. In the opposite figure : 


If AB and CD are two chords of the circle M ; 


B 
MX L АВ, МҮ LCD and MX = MY ;thén AB = CD 





Also in the opposite figure : 
If M and N are two congruent circles » AB is a chord of 
circle M and CD is a chord of circle N 


‚ МХ | АВ, NY 1 CDand 





| MX = NY ›Шеп AB ="@D 
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—P.4 -3 ga 3 F-X - + 








In the opposite figure : 





The triangle ABC is an inscribed triangle inside a circle M 
4 m(ZB)zm(Z С), 
X is the midpoint of AB » MY L AC 


Prove that : МХ = MY 





In the opposite figure : 

M is a circle, m (ДА) = 60° 

» X is the midpoint of AC 

» Y is the midpoint of BC 

» НХ = EY 

Prove that : A ABC is an equilateral triangle 


— In the opposite figure : 

AB and AC аге two chords едир length in the circle M 
› X is the midpoint of АВ, 

Y is the midpoint of AC апача (Z CAB) = 70° 





Calculate s. Ш (4. ОМЕ) « 110°» Е D | 
Prove that: XD= YE (New Valley 19 » Port said 18 » Matrouh 18 » Cairo I7) 


44 In the opposite figure : 

AB and AC ate tWo chords equal in length in the circle M 
‚ X is the-midpoint of AB. 

MX intersects the circle at D » MY L AC 

intersects it at Y and intersects the circle at E =. 
Prove that : 1 XD = YE m(ZYXB)2m(Z ХҮС  .(Assiut 18 › El-Gharbia 13) 





AB and AC are two chords equal in length in the circle M » X and Y are the midpoints of 
AB апа AC respectively » m (Z MXY) = 30° 
Prove that : [1] A MXY is an isosceles triangle. 

|2] A AXY is an equilateral triangle. (New Valley 16) 
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In the opposite figure : 
M and N are two circles intersecting at A and B 
‚ МХ L AC and intersects AC at X and intersects 









° the circle M at Y » MN to intersects at D and 
intersects the circle M at E» if AC = AB 
Prove that : ХУ = DE (EPRalypubia 18) 
(11 AB and AC are two chords in the circle M » MX -L AB + У is the midpoint of АС, 
m (Z ABC) z 75? MX MY 
7 Find : m (Z BAC) « 30° » 
2| Prove that : The perimeter of A AXY = 5 the perimeter of A ABC 
(Каі -5леікА 18 » Alexandria 16) 
In the opposite figure : 
Two concentric circles at M » AB is a chord 
: in the greater circle and cuts the smaller circle 


at C and D » AZ is a chord in the greater circle 
and cuts the smaller circle at X and Y If m (Z ABZ) 2 m (Z AZB) 





Prove that : CD = XY ( El-Kalvoubia 17 » Souhag 13) 


—4 In the opposite figure : 

AB and are two chords of the circle M ; 
MX -L AB and intersects the circle at F ; 
MY .L and intersects the circle at E ; 








FX = EY 
Prove that : 
АВ = CD (El-Gharbia 16 » Kafr El-Sheikh 11) 
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In the opposite figure : 
AB and AC аге two chords of the circle M » equal in length 


X and Y are their midpoints respectively. 





IY) = 120" ; YZ bisects / AYX 





If m (Z XI 


Prove that : YZ // MX (Cairo 08) 





1J In the opposite figure : 

The circle M f the circle № = [A B) , AB N MN = 163, 
DEMN ,МХ L AD and МУ L BD 

Prove that : МХ = MY 





—J In the opposite figure : 
The concentric circles of radii 4 cm. » 2 cm. 
A ABC is drawn such that its vertices lie 


on the greater circle and its sides touch 





the smaller circle at X ›У › Z 


Prove that : 
A ABC is an equilateral triangle and find its area. (El-Fayoum 19) « 243 cm? » 


In the opposite figure : 


M ›М are two intersecting circles at B › С 





;, ACC MN 
Prove that : BD = CE ( El-Dakahlia 17) E 


In the opposite figure : 

AB is a diameter of the circle M » AC and BD are two chords in it › 
МХ = МЕ, MX L АС, MY L DB 

Prove that : 





А HAB is isosceles triangle. 
HC - HD (Beni Suef 12) 





15 
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In the opposite figure : 

A ABC is inscribed in the circle M › 

m (Z ВАС) = 60° , X is the midpoint of АВ, 
Y is the midpoint of AC and MX = MY 
Prove that : 


ABC is an equilateral triangle. AM.L 





In the opposite figure : 

AB and CD are two chords of the circle М, 
equal in length » X and Y are the two midpoints 
of AB and CD respectively. XY is drawn to cut 
the circle at E and Е › ML is drawn -L XY 
Prove that : XE - YF 





In the opposite figure : 

M and N аге two circles touching internally at А, 
AB and AC are two chords drawn їй 

the greater circle М such that they-are equal in length 
to cut the smaller circle M at.L and K respectively. 
Prove that : AL = AK 





In the opposite figure : 
M is a circle » MD L AB 





; ME.L AC 
(2532) DQ »0) and E (3 > 4) 
Prove that : ME = MD (Kafr El-Sheikh 13) 
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In the opposite figure : 
M and N are two circles of radii lengths 


4 cm. and 5 cm. » AC touches the circle M 





19 | at Aand cuts the circle М at B and C 
» Where BC = 6 cm. and MN = 12 cm. 


« 54 ст? У» 





1 Prove that the quadrilateral МАСМ is a trapezium then calculate its area. 





2) If CD = СВ , find the distance between N and CD (Sltmkia 06) « 4 cm. » 
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7. MX LAB 

- Y is the midpoint of AC 
г. MY LAC 
“МХ = МҮ 
г. А МХҮ is an isosceles triangle (Q.E.D. 1) 
"mz АХМ) = 90° »m(Z MXY) = 30° 


^ ААКҮ 15 an equilateral triangle 
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In A ABC:  m(Z2 В) = m(Z C) 
^ АВ = АС 
‚'.' X is the midpoint of AB ~. МХ LAB 
‚с MY LAC ›АВ 2 AC 
'^ MF = ME (lengths of two radii) 

| FX = EY 

By subtracting :.. МХ = МҮ 

> X is the midpoint of AC .. MX LAC 

‚с Yis the midpoint of BC .. MY L BC 

^ АС = ВС > т(2 А) = 60° 

^. A ABC is an equilateral triangle. (Q.E.D.) 
— X is the midpoint of AB ~. MX 1 AB 

'* Y is the midpoint ФАС ..MY LAC 

~ The sum of measures of the interior angles of the 
quadrilateral AAMT 560" 

г. т (2 XMY) = 360? — (70° + 90° + 90°) = 110° 


АВ = АС ^ МХ = MY 
< MD = ME (lengths of two radii) 

by subtracting .. XD = YE 
^ X is the midpoint of AB 
" AB=AC 





. MX ЗАВ 

bi MX = MY * 
MD = ME (lengths of two radii) by subtracting 

" AD = YE (Q.E.D. | 


In A XMY Ai^. MX “= M Y 


-.m(z MXY)2m(Z MYA) 
*"mí(Z MXB) = т (4 MYC) = 90° 
by adding .. m(Z YXB)2m(Z ХҮС), (O.ED.: 





.: X is the midpoint'of AB 





 AB= ACC 


.m(ZAXY)=9O*.— 30° = 60° 


-* X and Y are the midpoints of AB and АС »AB = АС 


"АХ = АҮ 





(First req.).] 


(Second req.) 





(Q.E.D. 2) 


Lie. Д 


-- AB is the common chord of the two circles M › № 


» MN is the line of centres 


~ MDLAB 
s АС = AB 


"7" MX LAC 
^ MX = Мр 

‚ *. MY = ME (lengths of two radii) 
Subtracting (1) from (2): 


" Y 1$ thd addi ЭШ of a. | 
. МУ ГАС 
‚Ф d AB oM 
“AB = AC 





b ^m ( C) Ф 
ВС. m(Z А) 180° (75° + 75°) = 30° (First req) 


-- МХ DAB 
^ ImA ABC? 
4A. Г. xs ie 
ХҮ = 5 ВС АХ = 5 АВ › АУ = = AC 


+. X is the midpoint of AB 


=. The perimeter of А AXY 
рб; Bie pe er n 


(Second req.) 




















Constr. : 

Draw : МЕ L AB , ME L AZ 

Proof : In the great circle : 

"mí(Z ABZ)=m(Z AZB) 

^ AB=AZ 

^" МЕТАВ, МЕТ А2 ..МЕ=МЕ 
In the small circle : 

© MF LCD , МЕ L XY , МЕ= ME 
5CDezAXY 

^ MF = ME (lengths of two radii) 

‚ХЕ = YE л. МХ = МҮ 
^ MX 1 АВ, МУ LCD .АВ=СО (ОЕР. 1) 
© МХ 1 АВ 


г. X is ће midpoint of AB ~. AX = + AB 


MY LCD 
^. Y is the midpoint of CD г. СУ = i CD 
"AB-CD * АХ = СҮ 
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г. AAXF › АСУЕ 
АХ = CY 
In them; AF = YE 
т (2 AXF)m(Z CYE) = 90° 
. AAXAF =A CYE then we deduce that AF = CE 





(Q.E.D. 2) 


' Y is the midpoint of AC г. MY LAC (1) 
Similarly MX L AB 

" АС = АВ г. МУ = МХ 
and from А УМХ : =~ т( М) = 120° 

5. m (4 МУХ) = т (4 YXM) = 180° — 120° = 30° (2) 
from (1) and (2) : ". m(Z AYX) = 90° = 30° = 60° 

; YZ bisects Z AYX 

.m(Z ZYX)= e = 30° 

^m(^ZZzZYAX)m m L YAM) 
but they are alternate angles 

. YZi/ MX 

~ The circle M f) the circle N = [A » B] 


^. MN is the axis of symmetry of AB 






г. AD = BD 

> МХТАР , МУ1ВО ~. МХ = МҮ (QED) 

Constr. : Draw MX s МҮ * MZ ‚ MA 

Proof : | 

„> ABisa tangent to the 
smaller circle M 

г. MX 1 АВ C 

, similary : MY L BC MZ ТАС 

°° МХ = MY = MZ =r in the. smaller circle 

^ АВ = BC = АС 

^ A АВС ts an equilateral triangle 

‚г. т (2 В) = 60° 

‚ * the greater cirele M is the circumcircle of А ABC 

^. M is ше point of intersection of the altitudes of 
A ABC 

г. AY is an altitude in AABC 

^. In А ABY which is right at Y : sin B = = 





(First req.) 








‚ ** AY = АМ +MY¥=442=6 ст. - 
=. sin 60" = Si B 13 = 5 
AB | 3 AB 
г. АВ = 2x6 =4 3 ст. ^ ВС = АВ = 413 cm. 


a 


+. The area of ДАВС = L x BC x AY 


1 
2 


z i x47 3% 621233 cm (Second req.) 





^. In A ABD: DC is the axis of symmetry of AB | 











Lie. Д 


Constr. : Draw NX 1 BD 
Proof : 
^ MN is the line of centres 





‚ ВС is the common chord òf the two circles 
» MN L BC ‚ О is the midpointef BC 
^ ОВ = ОС 
^. In AA AOR *AOC 
OB = OC 
AO is conimon side 
m(Z ЛОВ) = m (1 АОС)=90° 
^ ААОВ = A АОС 
4 m ВАО) =щ (2 CAO) 
In AA AXN * АУМ 
z m(Z АХМ) = П AYN) = 90 
*»m(Z XAN) -m(Z YAN) 
‚г. mí(Z ANX)eqm(Z ANY) 
^ In ДААХМ > AYN 
mí(Z АМХ) = т (2 ANY) 
т (2 ХАМ) = м (2 YAN) 
AN is a common side 
г. A AXN = A AYN 
‚> NXLBD » NY І СЕ 
г. ВО = СЕ (Q.E.D.) 
^ A МХА and A MYB which are right-angled triangles 
МА = МВ (lengths of two radii) 
МХ = MY 
г. The two triangles are congruent » then we deduce that : 
т (2 МАХ) =м (2 MBY) 
г. А HAB is an isosceles triangle. 
‚-- MX LAC MY 1 Вр 
‚МХ = MY 
„АС = Вр (UC AH = BH 
.АН-АС=ВН-ВО ..НС=НО О (Q.E.D. 2) 
„MXL 
* MY LAC 
. AB = АС 








^NXZNY 


In them 


(Q.E.D. 1) 


~ X is the midpoint of AB 
' Y is the midpoint of AC 
" МХ = МУ 

"míZ BAC) = 60° 


. A ABC is an equilateral triangle (Q.E.D. 1) 


© BM=CMer ~. M Ethe axis of symmetry of BC 


" AB = АС 
^. AM is the axis of symmetry of BC 
АМ 1 ВС 


7. A € the axis of symmetry of BC 


(Q.E.D. 2) 
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Constr. : 

Draw: NE L AB*NF L AC 
MX L AL МҮ LAK we 
Proof : >> NE L АВ , NF L AC ,АВ = AC 


^ X is the midpoint of AB 
~ MX 1 AB similarly MY LCD ; 

" АВ = СЮ г. МХ = МУ 
г. А МУХ is an isosceles triangle 

> М1 ХҮ 

ML 1 the chord EF 


^A ALzLY (1) 
^ BLZLF (2) 
subtracting (1) from (2): г. XE- YF (Q.E.D.) 


X CM 





. МЕ = NF 


^ A ANE and A ANF which are right-angled 


In them NE - NF 


AN is а common side 


"ДАМЕ = А АМЕ » then we deduce that 


т (2 МАЕ) = т(/ МАР) 


^ ААМХ + ААМУ 


| AM is common side 
In them į m(Z AXM) = m (2 AYM) = 90° 
m (Z ХАМ) = m (Z YAM) (proved) 






7. A AMX = A AMY then we deduce that MX ЭМ 
MX 1 AL „MYL AK 


^ MDLAB 


7. E is the midpoint of AC (2) 
-0F n length units 
= 5 length units 
^A AB = АС 


NE 1 CB , NFusCD 
^. Eis the midpoint of CB 
In A NEC which is right-angled at E 


: = V(NC) (Е) 2325 -9 = 4 cm. 
*, NEZ AM 


> ACisa tangent to the circle M : MA is a radius 
. MAL АС 









(O.E.D.) | 
^. D is the midpoint of AB afl 
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‚ - m(Z CEN) = m(Z САМ) = 90° 


and they are alternate angles 
г. NE // AM 
^. The figure NEAM 15 а rectangle 
^. The figure MACN is а trapezium 
Its area = 3 (MN + AC) x AM 





= = (12 + 15) 564 = 54 ст? 


--NFLCD,NELCB;>CD=GB 
^X NF = NE =4em. 
г. The distance between the point М and CD is 4 cm. 


(First req.) 


(Second req.) 


Раде [ 10] - Prep [ 3 ] - Second Term - Geometry - Unit [ 4 ] - Lesson [ 5 ] - Mr. Ma. Esmaiel| 


RULES OF ALGEBRA 


Basic definitions and concepts on the circle 


Corolla E Ф 
$ 


The straight line passing through the centre of the circle and the midpoint of any 





chord of it (not passing through the centre) is perpendicular to this chord. 


In the opposite figure : д 
If AB is a chord of the circle М 
and C is the midpoint of AB » then MC .L AB s 





The straight line passing through the centre of the circle and perpendicular to any 
chord of it bisects this chord. 


In the opposite figure : e 
If AB isa chord of the circle M and MC | АВ > where C CAB „Шеп С 
is the midpoint of AB 





| The perpendicular bisector to any chord of a circle passes through the centre of the circle. 
In the opposite figure : - 
If AB is a chord of the circle M › C is the midpoint of AB 
and the straight line L -L AB from the point C ; i 
then M € the straight line L ке 


From the previous corollary , we deduce that : 





The axis of symmetry of any chord of a circle passes through its centre » so this axis is 
also an axis of symmetry of the circle. | 









The radius of the circle 


It is a line segment with one endpoint at the centre of the circle and the other endpoint 
on the circle. 







The diameter of the circle 








It is a chord passing through the centre of the circle. 
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Position of a point and a straight line 
With respect to a circle 





Position of a point with respect to a given circle : 





If M is a circle of radius length г and A is a point in its plane » then : e 


( Ais outside the circle M Aisonthecirde M | Ais inside the circle M - 


IfMA>r | — IfMA=r 


Position of a straight line with respect to a circle : 


The straight line L lies T5 L f the circle M = Ø 
outside the circle M • LAN the surface of 
the circle M = @ 


(1) MA»r 


The straight line L is 
a tangent to the circle M * LN the circle M = {A} 


at A • L N the surface of 


А is called the circle M ={А} 
"the point of tangency” 





• LAN the circle M = (X > Y] 
; • L AN the surface of 
The straight line L is ыы 
(3) MA<r a secant to the circle M the circle M = XY 
ХУ is called the chord of 
intersection 
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Two important facts 


EF The tangent to a circle is perpendicular 
to the radius drawn from the point 
of tangency. 





The straight line which is perpendicular 
to the diameter of a circle at one of its 
endpoints is a tangent to the cee. 

















к. 





і.е. if AB is а diaméter of the circle M and 
the straight line L. 1 AB at the point A › then 
L is a tangent ? circle M at the point A 


i.e. if the straight line L is a tangent to the 
circle M at the point А, 
then MA LL 


The two tangents which are drawn from the two endpoints of a diameter of a circle 


are parallel. 


Position of a circle with respect to another circle 
Let M and М be two circles » their radii lengths аге г, and r, respectively »r, >r, 


th 
circles are 


rss The circle M f) the circle М = Ø 
» The surface of circle M f ) the surface of circle М = @ 


• The circle M ( the circle N = {A} 
• The surface of circle M f\ the surface of circle N = {A} 


• The circle M f) the circle N = (A » B} 
intersecting • The surface of circle M ( ) the surface of circle N 
=) «MN <r +r, = the surface of the yellow part. 


Touching externally 


r 
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e The circle M f| the circle М = {A} 


тарыны 
ouching internally |, The surface of circle M (| the surface of circle N 


— the surface of circle N e 





One inside the | 
other the circle N | * [he circle M (| the circle М = Ø 


is inside • The surface of circle M (\ the surface of circle N 
the circle M = the surface of circle М e 









• The circle M Г) the circle N- e 


• The surface of circle M ( ) the surface of circle М 
= the surface of circle М 





Concentric 












MN - zero 





Summary 
0 г.г, ЕЕ. 
— | | The length of MN 
Concentric Опе inside Touching Intersecting Touching Distant 
the other internally externally 






From the previous summary » we notice that : 

If M and М are two distant circles » then : MN C | I; Pf» oo| 

If M and N are two intersecting E: » then : MN Е] fy == srj + al 

If M and М (one of them is inside the other) » then: MN E] 0 „т —r,[ 

The line of centres of two touching circles passes through the point of tangency and is 


perpendicular to the common tangent at this point. 


In the two opposite figures : 


If the two circles 


M and N are touching 





at A (the point of tangency) 


the straight line L is a common tangent to them at A 





then A Є MN and MN 1 the straight line L 
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The line of centres of two intersecting circles is perpendicular to the common chord 








and bisects it. 





In the opposite figure : 

If M and N are two circles intersecting at A and В › 
then MN L АВ > MN bisects AB i.e. AC = BC 
This mean that MN is the axis of symmetry of AB 


LESSON [4] Identifying the circle = 


Ф 





We know that the circle is identified if we know : 
Its centre its radius length 
In the following» we will study the possibility of identifying (drawing) the circle under 


certain conditions. eJ 





Drawing a circle passing through a given point: 


1.6. We сап draw an infinite number of circles passing through a given point. 


Second ТЕТТЕ Т" through two given points : 





1.6. There is an infinite number of circles that can be drawn to pass through the 
two points A and B and all their centres lie on the axis of symmetry of AB 


I. _____ 


If AB is a line segment and the required is drawing a circle passing through the 
two points A and B »then : 


If г > E AB » then we can draw two circles (as shown in the previous example). 





IT [= i AB »then we can draw one and only one circle (it is the smallest circle) 
passing through the two points A and B ; hence AB is a diameter of it and its centre is 
the midpoint of AB 


If г< АВ » then it is impossible to draw any circle. 
* Any two circles do not intersect at more than two points. 


| Third Drawing a circle passing through three given points : | 





i.e. It is impossible to draw a circle passing through three collinear points. 





. For any three non-collinear points » there is a unique circle 
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can be drawn to pass through them. 





There is a unique circle passing through three points as A » B and C which are not collinear 
and the centre of this circle is the point of intersection of any two axes of symmetry of the 
axes of the line segments AB › BC and АС 


Corollary @ 


The circle which passes through the vertices of a triangle is called the circumcifele of this triangle. 





* The triangle whose vertices lie on a circle is called the inscribed triangle of this circle. 


In the opposite figure : 
M 1$ the circumcircle of A ABC 
or А ABC is the inscribed triangle of the circle M 





79 | 
The perpendicular bisectors of the sides of a triangleintersect at a point which is the centre | 





of the circumcircle of the triangle. 
In the ошл figure : 
If the straight lines L} › L, and L, are the axes 
of AB › BC and CA respectively e 


and L, (1 L4 f) L4 2 ME + 


then the point M is the centre of the circumcircle of A ABC 
The position of the centre of the circumcircle of the triangle as M differs according 





to the type of the triangle as shown in the following table : 


| The acute-angled triangle The right-angled triangle The obtuse-angled triangle 











M is inside the triangle |M is the midpoint of the hypotenuse| M is outside the triangle 


L| 
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A special case : 

The centre of the circumcircle of an equilateral triangle is : 
* The point of intersection of its sides axes. 

* The point of intersection of its altitudes. 


* The point of intersection of its medians. 





* The point of intersection of the bisectors of its angles. 


Notice that : 


We can draw a circle passing through the vertices of (a rectangle or a square or an isosceles 





trapezium) while we cannot draw a circle passing through the vertices of (the parallelogram 


or the rhombus or the trapezium which is not isosceles). 


The relation between the chords of 
a circle and its center 


. 
e» 


If chords of a circle are equal in length, then they are equidistant from the centre. 


Given | АВ = CD » MX L AB and MY LCD 
R.T.P. | MX = MY 
Construction | Draw MA and MC 


Corollary 


In congruent circles, chords which are equal in length are equidistant from the centres. 


e 





Converse of the theorem (without proof) : 







In the same circle (or in congruent circles) • 





chords which are equidistant from the centre (s) are equal in length. 


i.e. In the opposite figure : 


If AB and CD are two chords of the circle M › 


MX 1 АВ, MY L CD and MX = MY ;then AB = CD 
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Central angles and measuring arcs 


The measure of the semicircle = 180? and then 
= 360? 






the measure of the circle 2 2 x 180? 


Remark 





The two adjacent arcs are two arcs in the same circle that have only one point in common. 


The length of the arc mec 


It is a part of a circle's circumference proportional to its measure and it is measured 
by length units (centimetre » metre » ...) & 
Ф 


• То calculate ће length of the arc, you can use the following rule : 


e 


the measure of the arc ; ; 
x the circumference of the circle 
e У 


The length of the arc = measure of the circle 


_ the measure of the arc x27 
360° Дд 
Where г is the radius length of the circle and JU is the approximated ratio. 


э», УД 1). 


In the same circle (or in congruent circles) » if the measures of arcs are equal » then 
the lengths of the arcs are equal and vice versa. 









In the opposite figure : & 

If M is a circle in which m (AB) 2m (СР) 

„ then the length of AB - the length of CD 
and vice versa if the length of AB 

= the length of CD > then m (AB) =m (CD) 


In the same circle (or in congruent circles) s if the measures of arcs are equal » then 
their chords are equal in length » and vice versa. 





In the opposite figure : 


If Misa circle in which 
m (AB) = m (CD) » then АВ = CD and vice versa 
If AB = CD > then m (AB) = m (CD) 
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If two parallel chords are drawn in a circle » then the measures of the two arcs 
between them are equal. e 


In the opposite figure : 
If AB and CD are two chords in the circle M 


‚АВ // CD › then m (AC) = m (BD) B E 


Corollary 4) 


> D C 





If a chord is parallel to a tangent of a circle » then the measures of the two arcs 
between them are equal. e 


In the opposite figure : 


D E С; 
® fs 
If AB is a chord in the circle M and B А 


€ У 
CD touches the circle M at E > 
CD // AB ‚ then m (EA) = m (EB) y 


The relation between the inscribed and 
Central angles subtended by the same arc theorem 


The inscribed angle 





It is the angle whose vertex lies on the circle and its sides contain two chords of the circle. 


In the opposite figure : 
* / ABC is an inscribed angle 
because its vertex B belongs to the circle M 


and its sides BA and BC carry the two chords BA and BC in the circle M 





• The inscribed angle Z ABC is subtended by AC 


— Remark J "EA O5 


For each inscribed angle » there is one central angle subtended by the same arc. 
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In the opposite figure : А 
Тре inscribed angle Z BAD 1$ subtended 


with the central angle Z BMD by the arc BCD 





e While the inscribed angle / BCD is subtended 


with the reflex central angle BMD by the arc BAD 


Theorem (1) \ 


Є > ------.-..-.-.-.-.-.-.-..-.-.-.-.-...-.-...-.--.-.-.-.-.-..-.---.-.------------.-.----------------------.-- 






The measure of the inscribed angle is half the measure of the central angle » 
subtended by the same arc. & 





Remark 


The measure of the central angle equals twice the measure of the inscribed angle 
subtended by the same arc. 





The corollaries of theorem (1) and its well known problems 


Ке CIEN 1) каиа UL. 


| The measure of ап inscribed angle is half the Ew. of the subtended arc. 
In the opposite figure : 
m (Z C) = 4 m (4 AMB) _ 
(inscribed and central angles with common arc AB )* 
m (Z AMB) = m (AB) e 
7. m (Z C) = 4 m (AB) 





| Remark ! | И rarer СЕЕ 





The measure of the arc equals twice the measure of the inscribed angle subtended by this arc. 





Corollary 8 


The inscribed angle in a semicircle is a right angle. | 





In the opposite figure : 

"m(ZC)- i m (AB) (corollary 1) › 

/. т (АВ) = 180° В А 
<. m (Z C) =90° 
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Remarks в 





The inscribed angle which is right angle is drawn in а semicircle. 


The inscribed angle which is subtended by an arc of measure less than the measure of 






a semicircle is an acute angle. & 
| 0l. e 
The inscribed angle which is subtended by an arc of measure greater than the measure 


of a semicircle is an obtuse angle. 


Well known problem (1) 


If two chords intersect at a point inside a circle » then the measure of the included 
angle equals half of the sum of the two measures of the two opposite arcs. 


c СЫ «< 
Given AB › CD are two chords in a circle intersecting at the point E 
R.T.P. ЕЙ m (< AEC) = + [m (AC) + m (8D)] 


2 
Em СЕВ) = + [m (ВС)+ m (АР)] ) 
e 
Well known problem (2) 


If two rays carrying two chords in a circle are intersecting outside its then the measure of | 
their intersecting angle equals half of the measure of the major arc subtracted from it half | 
of the measure of the minor arc in which both are included by the two sides of this angle. | 


Given СВ N ED = {A} 
R.T.P. m (Z A) = +4 [m (CE) т (ВР) 





Inscribed angles subtended by same arc 


Theorem (2) its corollaries 
KZ 


In the same circle , the measures of all inscribed angles subtended by the same arc are equal. 
Given | Z C: Z Dand Z E are inscribed angles subtended by AB 
ВТР. [m(ZCO)m(gD)zm(Z E) 

Proof mic Es + m (AB) 
»m(Z D)= > m (AB) 
‚та (/ E)» 4 m (AB) 
smc Cj=m (Д D)=m(Z Б) (Q.E.D.) 
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Corollary 


In the same circle (or in any number of circles) the measures of the inscribed angles 
subtended by arcs of equal measures are equal. 





i.e. In the circle M 
If m (AB) = m (CD) ` 


then m (Z Х) = m (ДУ) 





| The converse of the previous corollary is true also 


| i.e. In the same circle (or in any number of circles) the inscribed angles of equal 
measures subtend arcs of equal measures. 


In the opposite figure : LA 
| d» PF S f AN 
If m(Z X)  m(Z Y)» // | \N 
— mmm, D y | N А 
then m (AB) = m (CD) e | | | |^ 
\ | | | 
& \ | | 


| 
| 
= P 
Р | 0 — " E 
\ | 


The cyclic quadrilateral-the converse of theorem (2) 
The cyclic quadrilateral : 


It is a quadrilateral figure whose four vertices belong to one circle. 





The converse of theorem (2) (without proof ) 


If two angles subtended by the same base and on the same side of it have the same 
measure › then their vertices are on an arc of a circle and the base is a chord of it. 





If there are two angles drawn on one of the sides of a quadrilateral 5 they are on the 
same side of it and they are not equal in measure › then the quadrilateral is not cyclic. 


2 Each of the rectangle »the square and the isosceles trapezium are cyclic quadrilaterals 


while each of the parallelogram, the rhombus and the trapezium that is not isosceles 
are not cyclic quadrilaterals. Е 


zi 
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Properties of The cyclic quadrilateral theorem (3) 





Given 


R.T.P. 


ABCD is a cyclic quadrilateral 
Eno A) +m(ZC©) = 180° 
m (Z В) +m (4 D) = 180° 





Proof -m(ZA)= 3 т (ВСЁ) and т (/ C) = 1 m AD) _ В 


у m(ZA)4m(ZO)- + [m (BCD) + m(BAD)] ® 


1 c 4 iun E О — о 
5 the measure of the circle = 5 х 360° = 180 





Similarly: m (Z B) + m (4 D) = 180° 


Corollary | 


e Jy (Q.E.D.) 










e. и , 
The measure of the exterior angle at a vertex of a cyclic quadrilateral is equal to the 
measure of the interior angle at the opposite vertex. 


——— 


In the opposite figure : 

If ABCD is a cyclic quadrilateral D 

» Z СВЕ is an exterior angle of its. '- ч 
then m (Z ABC) + m (Z D) = 180° 
but m (Z ABC) + m (Z CBE) = 180° 
~ m (4. СВЕ) = m (Z D) 

The converse of theorem (3) and its corollary 


А summary of the cases in which the quadrilateral is cyclic : 








The quadrilateral is cyclic if one of the following conditions is verified : 





If there is a point in the plane of the figure such that it is equidistant from its vertices. 


If there are two equal angles in measure and drawn on one of its sides as a base and 
on one side of this side. 








If there are two opposite supplementary angles «their sum = 180^» 
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4 If there is an exterior angle at any of its vertices equal in measure to the measure of 
the interior angle at the opposite vertex. 


The relation between the tangents of a 
Circle theorem (4) and its corollaries 


| First - The two tangents drawn at {Пе two ends of a diameter іп a circle are 











parallel. 
i.e. In the opposite figure : К | 
If AB is a diameter in the circle M and the two e 
straight lines L and K are two tangents to the д X 
circle at A and B respectively » А 
then the straight line L // the straight line К D Ј 


(because the straight line L 1. AB and the straight line К | AB) 





i.e. In the opposite figure : 
If AB is a chord in the circle M and the two 
straight lines L and K are two tangents to 
the circle at A and B respectively: then the two 
straight lines L and K are intersecting at a point 
outside the circle M (Say C) and AC » BC are 


called tangent- segments and AB is called a chord 





of tangency. 


Theorem (4) 


The two tangent-segments drawn to a circle from a point outside it are equal in length. 


Corollaries of theorem (4): 





Corollary @ —— | ET - 


The straight line passing through the centre of the circle and the intersection point of 





the two tangents is an axis of symmetry to the chord of tangency of those two tangents. 








zi 
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In the opposite figure : 
If AB and AC are two tangents to the circle M at B and C 
respectively» then AM is the axis of symmetry to BC 


i.e. AM | BC s BD = CD 


ДУШЕ 2 ) 


The straight line passing through the centre of the circle and the intersection point of 
its two tangents bisects the angle between these two tangents. It also bisects the angle 
between the two radii passing through the two points of tangency. 















In the opposite figure : P 
If AB and AC are two tangents to the 

circle M at B and C respectively then : e 

* AM bisects / ВАС >. т (/. 1) = т (4 2) 4 9 

* МА bisects / BMC + m(Z3)=m(Z4) 






Remarks on theorem (4) and its corollaries 
In the opposite figure : 
AB = AC 
BE - CE; АМ | BC 
El n (Z ABM) = m (4 ACM) = 90° 

i.e. The figure ABMC is a cyclic quadrilateral. 

m (Z BAM) = m (4 BCM) = m (Z CAM) = m (4 CBM) 
Я - (С AMB) = m (4 АСВ) = m (4 АМС) = m (4 ABC) 









Я мв -мс-=т 








Definition 





The inscribed circle ofa polygon is the circle which touches all of its sides internally. 


C 


D X С 
KON 
E Y L 
A РА 
А D B А Z B 
Fig. (1) Fig. (2) 


In figure (1) : M, is the inscribed circle of the triangle ABC where : 





the side AB touches the circle at D » the side BC touches the circle at E J 
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and the side CA touches the circle at F. 
In figure (2) : M, is the inscribed circle of the quadrilateral ABCD 


Remark 





The centre of the inscribed circle of any triangle is the point of intersection of ед 
bisectors of its interior angles. 


i.e. In the opposite figure : 
If the circle M 15 the inscribed circle of the triangle ABC 
then M is the intersection point of the bisectors of the 
interior angles of A ABC 





The common tangents to two circles | 





* It is said that the tangent AB is an internal common tangerit to the two circles M and N 
if the two circles M and N are on two different sides of the tangent. 

* It is said that the tangent AB is an external common tangent of the two circles M and N 
if the two circles M and N are on the same side of the tangent. 

The following table shows the number of the common tangents to two circles in their 


different situations (locations) : 


| Two distant circles 





Two circles touching externally 






3 common tangents 
® L, and L, (external) 


4 common tangents 
e L, and L, (external) 
* L, and L, (internal) 






» L, (internal) 
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Two intersecting circles Two circles touching internally 


2 common tangents One common tangent 
e L, and L, (external) • L is the common tangent (external) 
* There are no internal tangents * There are no internal tangents 


One circle inside the other 





There are no common tangents 


Angles of tangency theorem (5) and its corollaries 


Definition 





The angle of tangency is the angle which is composed of the union of two rays › one 
of them is a tangent to the circle and the other contains a chord of the circle passing 
through the point of tangency. 


In the opposite figure : 
If AC isa tangent to the circle at A and AB contains the chord AB n 


‚Шеп Z ВАС is an angle of tangency in the circle M » its chord is AB 


AB is called the chord of tangency of the angle of tangency Z. BAC 


А С 


1 
2 





The measure of the angle of tangency = 











the measure of the arc intercepted by its sides. | 





zx 
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The measure of the angle of tangency is equal to the measure of the inscribed angle 


subtended d by the same arc. e 
— Z BAC is an ич of tangency and Z D is an inscribed salis | D | 
R.T.P. m (Z BAC) 2 m (Z D) 
Proof © Z BAC is an ч of tangency. 3 
.m(Z ВАС) = = т (АВ) (1) 
»*.. Z Dis an inscribed angle y A C 
п (4 0) = i m(AB) (02) 
From (1) and (2) » we deduce that : m (Z BAC) =m (Z D) (Q.E.D.) 





Corollary Ao 


The measure of the angle of tangency is half the measure of the central angle 
| subtended by the same arc. e 


In the opposite figure : 
m (Z ВАС) (tangency angle) = = m (AB) 
‚тї (Z AMB) (central angle) =m p ) 


. m (2 BAC) (tangency angle) = 1 > Ш (Z АМВ) (central angle) 





The angle of tangency is supplementary to the drawn inscribed angle on the chord of the 
angle of tangency and in one side of it. 


The converse of theorem (5) 


If a ray is drawn from one end of a chord of a circle so that the angle between this ray 
and the chord is equal in measure to the inscribed angle subtended by the chord in the 
alternate side » then this ray is a tangent to the circle. 











zx 
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Questions Part (1) 


Geometry 
General Exercise on Unit One 


+ 
First: Complete the following 
1) If one end of a line segment lies on the center of the circle and theo n the 


circle, then this line segment is called .......... 
2) If the two ends of a line segment lie on the circle, then this line segment is called 




















3) The chord which passes through the center of the circle is c 


) The longest chord of the circle is called ........... SEN 


| The circle has ......... number of axes of symmetry. 


л > 





6) In any circle the perpendicular straight line ae om its mid-point is ........ 
to the circle. а 
7) The circle divides the plane into ........... sets of poi 


8) The perpendicular straight line on the dia one end is ........... 
9) The two tangents to a circle at the two diameter are .......... 
10) The equal chords in length of a circle a stant from ......... 


11) The chords of a circle are equidistan 
12) If the point A lies outside the circle M 
13) The line of centers of two in { 
14) If the surface of the сис! 


MN 
M and N аге....... 
15) If the surface of the EN 


se Dus passing through two given points in the plane 


ce of the circle N = w , then the two circles 


urface of the circle М = {А}, then the two circles 







17) It two circles have three common points, then they are ,............ 
18) The radius of the smallest circle drawn to pass through two given points in the plane 


19) The point of intersection of the symmetric axes of the sides of a triangle ї$............ 
20) ИМ is a circle of radius г, A is apoint in the plane of the circle: 

(a) If MA = К, then A .......... the circle 

(b) li MA = К, then A .......... the circle 

ic) If MA = ЗК, then A .......... the circle 
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Second: Match from the column (X) to the column (Y) to get a true statement 
Two circles of radii 8 cm. & 6 ст. 

DIE MN = 1 ст а) М, N are two intersecting circle s 

2) I MN = 2 cm b) M, Nare two distant circles 

3) If MN =7 cm c) M, N touching externally 


4) ИММ = 14 cm dM. N are two interior circle > — 
5) MN = 15 cm м, N touching internally а SS 


‹ 
E 





“ 
Third : Choose the correct from the given ones : SEN 
1) If the length of a diameter of a circle is 7 cm, and ght line L at distant 3.5 cm 
from its center, then L 1$.............. а 


а) Secant to the circle at two points b) Lies outside the circle. 

c) Tangent to the circle is of symmetry to the circle 
If the point A belongs to the circle M ә н 6 cm, then MA equals 
c) 5 cm d) 6 cm 


а) 3 ст b)4c 
3) If the straight line L is a tangent ba M of diameter 8 cm, then the distance 
between L and its center equals Pa... 


a) 3 ст Ь) 4с 
4) If the straight line L is outsi M 
X from its center, them x€ ..... 
а) 13, ®| ES с) 16, 2 | d)]- * , - 6l 
5) Ifthe straight NP x from a circle of center M and radius К, x € JO, R[, then 
Е ionis 






2 


що 


о 





с) бет d} 8 cm 








of radius 3 cm and its center M, If L at distance 


— 





—" 


a) Intersects the circle b) Touches the circle 
C) Lies outside the circle d) Passes through the center of the circel 
6) If the length of the perpendicular drawn from the center of the circle on the straight 
line L equals 6 cm and the radius 6 cm, then L ............ 
a) Intersects the circle b) Touches the circle 
C) Lies outside the circle d) Passes through the center of the circle 
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7) Which of the following points does not belong to the circle that its center is the origin 
and its radius 7 cm? 
а) (0 , 7) b) (0, - 7) с) (7 , 0) d) (7 , 7) Ру 





о 














8) If the surface of the circle M ñ the surface of the circle М = {A}, the two circles 
M and N are....... У 


a) Distant b) Concentric 
c) Touching externally d) Intersecting 


9) The number of circles can be drawn to pass “ЖҮ {һе ‘of the line segment 
AB equals ...... 
а) 1 b) 2 с) 3 S), an infinite number 


10) If the circle М A the circle М = (A , В), then the M and М are ....... 
a) Distant 


c) Touching externally 


11) If the two circles M, N are bo) ing ex ly, the radius of one of them 5 cm, and 
MN = 9 cm, then the radius of the 


а} 3 cm b) 4 cm 


ircle equals ........ 


с) 7 cm d) 14 cm 





12) If the two circles M, N aret uching internally, the radius of one of them 3 cm, and 
MN = 8 cm, then t ius other circle equals ........ 
а) 5 cm c) 11 cm d) 12 cm 


13) M and N are S м. circles their radii are 5 cm, 2 cm, then ММ =........., 


a)]3 , 7] c3, 7] d) [3 , 7] 


14) The number of circles that pass through three collinear points equals ......... 
а) zero b) One c) Three d) An infinte number 


15) The symmetric axis of the common chord AB to the two intersecting circles M, N is 


а) МА b) MB с) MN d) NÀ 
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16) The centers of the circles which pass through the two points A, B lie on ........... 












a) The axis of AB b) AB T 
с) The perpendicular to AB d) The perpendicular on AB 

17) Number of the circles which pass through three non collinear points equals ......... 
à) zero b) one C) two d) 


18) The center of the circumcircle of any triangle is the point of i tion of its ........ 





а) Interior bisectors of its angles b) Exterior bisect its angles 
с) its heights d) The sy i $ sides 
19) If the two points A, В lie on a plane AB = 4 ст, then-the length of the radius of the 
smallest circle passes through A and B equals .. 
a) 2cm b) 3cm :) 4cm d) 8cm 


20) If the two points A, B lie on apane, A m the number of circles each of 
А and B equals ........... 


them has a radius of 5 cm and = 
а) zero b) 1 ^w d) an infinite number 


Fourth: Answer the following ns 
1) In the opposite figure X SN 
ABC is a triangle in а of center M, 5 А 


MD 1 AC, ME nd » 
BC = 8 cm Find ®) 


2) In the opposite figure 
M circle of center M, its radius of length 13 cm, 
AB isa chord of length 24 cm, C is the mid point 
of АВ , MC cuts the circle at D. Find: B A 


[1] The length of MC [2] the area of A ADB р 














Final Revision [Rules + Questions + Answers] Geometry 3" Prep. 2" Term [23] 


3) 


4) 


5) 


6) 


7) 


In the opposite figure 









A circle of circumference 44 cm, AB is a diameter 
BC isa tangent at B, and m (ZC) = 60°. 
Find the length of BC (a= 2) 


In the opposite figure 
M , N are two intersecting circles, MN intersects the circle 
M at C, СА is a tangent to the circle M at C, and cu 
circle N at A, B Prove that : 

[1] CA « CB [2] MA = MB ~ n 
In the opposite figure 

M, N are two intersecting circles, CD is 
the circle M, cuts MN at E, if E is the mi 


of CD Prove that: AB // AY 
М, Мате two touching ende at A, the circle М is greater than the circle 


,then draw NM to cut the circle М at B, and draw 







N, draw the common ta 
the tangent BD tot 


ҹу | fo cut the circle M at D, E Prove that: 


ШАС / BD 


[2] ВО = ВЕ. 
In the opposite figure 
M , N are two congruent circles, AC is а С 


common tangent to the circle М at А the, 

DF is а common tangent to the circle N at D, 
AC // DF. Prove that : 

[1] BC = FF [2] AB = ED 
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8) |In the opposite figure 
AB , CD are two chords (equal in length) in a circle M. 
НХ, Y are the two mid points of. AB , AC respectively, 
XY cuts the circle at E and F. Prove that : 
XE = YF. 









9} In the opposite figure 

М,М are two intersecting circles at A, B, 

ММ N АВ = (Y), АВ = AC, if 

X is the mid point of АС, 

Prove that ; NX = NY. 

— — a — i 
10) AB , CD are two parallel chords in a circle M, E is idpoint of AB , EM is drawn 
to cut CD at F. Prove that : FC = FD. 


e 
11) AB, AC are two chords in a circle M, ido the two the mid points of AB , AC 
respectively, DM is drawn to cut AC at F'such ME = EF. Prove that: m (ZBAC) = 45°, 





12) АВ isa diameter in a circle M is drawn such that CD // AB , CX 1 AB 


and DY 1 АВ Prove that : АХ 







13) | A, Bare two points wher AB.= 6 cm, Draw a circle of radius 5 cm and passes through 
the two points A, B. Find my ce from the center to АВ . 








ich AB = бст, AC = 4 cm, m(ZBAC) = 60° . Then draw 





14) | Draw the triangle АВС 
a circle passes through the two points A, C and its center € AB. 


15) | AB is a diameter in a circle M, AC is a chord such that m (ZBAC) = 30°, then draw ВС 
and MD 1 AC to cut it at D. Prove that : 
[1] MD // BC 
[2] BC = the length of the radius of this circle. 
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General Exercise on the Second Unit 
First : Complete the following 







(1) The two opposite angles in the cyclic quadrilateral are ............... 


(2) The chords which opposite to equal arcs in any circle are ............. 
(3) The measure of the inscribed angle equals half the measure of M) 





(4) In the opposite figure 
In a circle M, m(ZA) = 48°, then: 








[1] m(ZC) =... 
eT (7 
[2] m (BD) = ,...... " BD is the major arc" 
C 
(5) The quadrilateral is said to be a cyclic MPs з re of an exterior angle at any 
а 
vertex equals the ......... of the angle which opposite to its adjacent. 











(6) In the opposite figure 
In a circle M, mLZCAE) = 36°, then: 


By 


(а) m(ZEBC) =.......... 

(c) M(ZEDO) = ....... : 
(7) The inscribed angle which eto а minor arc in a circle is ............ 
(8) The two parallel cho > intercept tWO .......... arcs 





(9) The measure of a of equals double ........... 
second: Choose the correct answer ram the given ones 
l| Theinscribed чачу ite to the minor arc in a circle is .......... 
Y (b) right 


(a) reflex 
(c) obtuse (9) acute 





2) In the opposite figure 
Ina circle M, mi АМВ) = 52°, then 


m(Z ADB ) = ....... 7 m 
(a) 52° (b) 104° (с) 128° id} 308° В A 
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3) In the opposite figure 
AB is a diameter in a circle M, 
m(ZABC) = 40°, then m( BC) = ........* 
(a) 40* (b) 50* (c) 90* 


4) n the opposite figure 
AB is a diameter in a circle M, 

mi ABD) = 25°, then 
[1] m(ZDAB) = ......° е 


(а) 25° (b) 50° (с) 65° чө 90° 


[2] m(ZDCB) =...... ы 
(а) 50° (b) 100° (c) 1 тау“ (d) 125° 


3)  Inthe opposite figure 









Two concentric circles at M, AB N CD- (М) г 
cen on 
if m(BD) = 80°, then m(AC) = W..." 


A 
(a) 40° (b) 80° Ner (d) 160* 
6) Using the following figures correct answer 
А j D 

| Уу " Я 
NW B А 
Figure oS ) . Figure (2) 
In Figure (1) : S center M, m(Z МВС) = 32°, then m( BC) = ....... 4 


(a) 16° (b) 3 (c) 64* (d) 116* 






In Figure (3) : AB is a diameter in a circle, 


m(AC) = m(CD) = m(DE) = m( EF) = mi FB), then m(ZDXE) = RSS ы 
(а) 18° (b) 36° (c) 54° (d) 72° 
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Model Answers Part (1) 





a 


First Complete: £z 
(1) radius (2) chord (3) diameter Мм 
е 


(5) infinite (6) axis of symmetry + 

(8) tangent (9) parallel (10) its or 
(11) equal in length (1 a» d. 

(13) perpendicular to the common c and bisect it 
(14) distant (15) touching м 
(16) infinite (17) congruent (coineide) 
(18) half the length of the line seg 
(19) the centre of the circumcir 
(20) inside — lies on — o 


tsi J 
Second match: SN 


(1) (d) (2) (e) (3) (a) (4) (с) (5) (b) 
Ў (3) b (4) а (5) а 


Third choose : 
(1) c e 
(6) b d (8) c (9) d (10) d 
(11) b "uda (13) c (14a  (15c 
(16) a (7) (18) d (19a (20) с 
Fourth Answer the following questions: 
(1) + Мр АС ,~ MH 1 АВ 
* D,Hare mid points of АС and AB respectively 
> ОН =5СВ =8 +2=4 ст. 






еїег 
e 









t joining the two points. 
de 
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(2) 


(3) 


„ВС =- > AC CEN 
Let BC =x AC 2x. 
АС? = AB?+BC? NY 


(2x)? = (14)? + AD 
4х" = 196 + SX 


- Cis a mid point of AB 





~ МС LAB 

їп A AMC 

MC? = АМ? — AC? = 169 — 144 = 25 NA 
МС = 5 ст ә > МО = 13 ст 


^^ СО = 13 — 5 = 8 cm. 
area of A ADB = - x AB x DC 


Л 


2 













2 
cir. = п XD — 44 
г. О = 14 ст 

- BC is a tangent. 
~ m(ZABC) = 90°, 


3 








~~ = 196 


(4) 


Bebe er 65.33 
— I 8 cm - BC 
= СА СА and CE are two tangents 


г. MA 1 AC ,MB L BC 
> m(zA) + m(zB) =180° 

~ АМВС is acyclic quad. 

~ m(z DMB) = m(z ACB) 


Exterior = opposite interior 
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(4) Incircle M + AC is a tangent 
MC L AC ,  -Ce€MN 
«NC LAC , 

In circle N, AB is a chord 
Р NC 1 AC 

In circle N , ~ AB is a chord 
, 2 ММ AB ; 
- C is a mid point of AB 


A 4 AMC , BMC 
^ MC is common side ~ 


СА = CB 


, m(z MCA) = manne) ы 
~ А АМС = А EN 













/. МА = MB 
(5) -M,Naretwo inte ing circles, AB is the common chord. 
~ MN LAB ,-. ) = 90° 





~ Eis a mid 
FM 1 CD an = 90° 
"m(zA M. CEF) = 90? corresponding angles 
СОЛ AB € 
(6) - ACis the common tangent 
ММ 1 AC 
- B € MN, ED tangent (М) 
-~ MN 1 DE E 


D 
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~ САЛ DE 
+ МА L DE =» DEis a chord in circle M 
~ B is the mid point of DE 
ВО = ВЕ 
(7) construction -. Draw AX and DY 
- AB is a tangent to circle M at A 


MA 1 AB ,-AC//FD > 








> m(z AXE) = 90° 
+ DE is a tangent to circle N атр. 
Мр 1 DE C // FD 


г т (2 БУВ) = 90° » £ 
~ AXDY is a rectan u) ~ АХ = DY 


~ M and М are two con 








nt circles 


~ МА = ND 

MX 1 EF 

EF = BC (1) (1*) 
< Ay = XD < “ (2) 


ха cu of EF 


similarly y is the mid point of BC 

+ ЕР= BC А ВҮ= ХЕ (3) 
Subtracting (3) from (2) 

- АВ = DE (2^9) 
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(8 construction: Draw ML L EF 


- xand y are mid points of AB and AC ш 
г. MX 1 AB and MY 1 АС 


~ АВ = СО NA 
~ МХ = МУ * 
A MXY is an isosceles A 


2 LX 2 LY (1) = 


> ML 1 the chord EF SEN 


> EL = LF (2) 
By subtracting (1) from (2) ` 
We get ХЕ = ҮР 
(9) ~ ММ are two intersecting circ es. 


> MN 1 AB “у 
~ х is the mid point t AC 
~ NX 1 AC NG 
> AB = AC XS 
. МХ = NY ba 

(10) -Eist gid po AB 
ME AN 
слави ) 


- МЕ 1 CD 
> Еіѕа mid point of CD 
~ ЕС = Е” 






ely. 
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(11) ~- E, Dare the mid point of AB and AC respectively 
: MD 1 AB 
ME 1 AC 
In А ЕМЕ 
-m(zMEF)290^ ,EM=EF 
« m(z EMF) = = = 45° 
M (z EMD) = 180° - 45° = 135° e 


In the quad ADME SEN Ж 
T 


m (ZA) = 360° - (90° + 90° + за 


(12) constructions: Draw АС ый 
7 СР// AB 
+ 


: m (DB) = т (АС) “| Uu) e ax 


~ AC = BD 

AA AXC and BYD ху n^ e 
М (20ҮВ) = т «забе 

ioci *N 
5 С 
me 
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(13) The distance is the length 
of the perpendicular from 
the centre of the circle to AB 
Distance - 4 cm. 








(14) 
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(15) -~ AB is a diameter 











„т (ZACB) = 90° 
inscribed (semicirlie) 


~ m (2 ADM) = т (2 АСВ) = 90° 
(corresponding) 

- DM // CB 

- А ABC right angled at c 


v т (2А)= 30° 





(1) (sumen. (2) equal in length 
(3) cen ubtended by the same arc. 


(4) (1) э (2) 264° (5) measure 
(6) a) 36^ b) 72° c) 144? 
(7) acute angle (8) equal 
(9) the inscribed angle subtended by this arc. 
Second :Choose: 
(1)c (2) с (3) d (4) d (5) d (6) d,a 
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Questions Part (2) 













(1) Choose: 

1- The angle of tangency included between .......... 
a- two chords b- two tangents $ Y 
c- chord and tangent d- chord and diame ~? 


2- The number of tangents can be drawn from n a circle equals. 





3- The number of common tangents can be drawn o concentric circles equals 


gin ^ 


a-zero b-one О 









d-three 


=» iE 
4-in the opposite figure AB, add B , 


tangents , т (ZA)- 60° If A m, 


a-3cm d-8cm 


5- The number of <) tangents can be drawn to two touching internally 


circles ^S 


a- one О c- three d- four 
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6- Using the following figures choose the correct answer 


Figure (1) Figure (2) Figure (3) 






In figure 1: A circle of center M , m(ZAMC) = 140° , then m(ZA 
a-40* b-70° c -110° 
In figure 2: if m(ZABM)-40" , then m(ZACB) =.......` 


а-80° b- 100° с180° NS) dh 140 


In figure 3: if m (ZABC) = 70°, then m(ZBDC) =..... 







a- 20" b- 40* C- d- 90° 
In figure 4: if m(ZBAD) =120°, SS =... 
а- 15° b- 30° - 45° 4-60° 





7- In the opposite figure: X) 
if BD is a tangent to — . 
А И 
bw MAS 2 
a-25° in с-65° d-130° 
8- In the opposite figure: 


BA Isa tangent to the circleM, М, 


if MB = 5cm , AC» 8cm , then AB- .....cm А 


m(ZBAM)=25° , 


о 





а- 5ст b- 10cm c-12cm d- 13cm 
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9- It is possible to draw a circle passing through the vertices of a ....... 


a- trapezium  b- rhombus c- parallelogram d- rectangle 








10-in the opposite figure 
— — 
№ m (XZ) =70° , m( YN )=30° ,then m(ZE)-......... 3 
a-20* b-40° c-50° d-100° 


(2) Answer the following questions 


(1) (a) Prove that the two opposite angles in a cyclic 
quad are supplementary. 


= 








а 

Ф A 

(b) In the opposite figure 
ABCD is a quadrilateral in which AB-AD, 
m (ZABD) = 30° and m(ZC) = 60°р 
ABCD is a cyclic quad. V 


(2) ABCD is a cyclic ВИ АВ //CD , if E is the mia point of AB 
. prove that: ЕС= ED. 


(3) In the opposite figur < 
МСП AB = (c) жый the circle at D. 
m(ZMAB) =20° , Fi wo “ 
1- т (AD ) < 2- m(ZDEB ). 
(4) ABC is an ad triangle drawn inside a circle. draw AD L BC to cut BC at 


D and cuts the circle at E circle , then draw CN 1 AB to cut AB at М. prove 
that: 





1- ANDC is a cyclic quad. 
2- m(ZBND) =m(ZBED) 
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(5) ABC is an equilateral triangle drawn inside a circle, D is a point on the arc AB , E 
is a point on DC such that AD = DE . Prove that: 


1- ADE is an equilateral triangle. 
2-DB //AE 
3- m(ZDCB) = m(ZEAC) 


4- DB-EC 






(6) In the opposite figure : 


ABC is a triangle in which AB =AC. BC is ac 


1-m(ZBEC) 2- m( ZBMC) 


(7) (a) prove that the angles quest) 


equal in measure . 


3- m(ZCDE) 


he same arcs in the circle are 
А 


(b) In the opposite figure ABC is ngle 








ina circle, BX L AC ,/ 


Cuts it at Y and -— at Z, prove that: , 4 
1- АВҮХ is a — 2- BC bisects ZXBZ 7 


(8) In the ор igure 


r of acircle M, СЕ the circle, 






AB is a diam 
m(ZCAB)= 30°,D is the mid-point 
of the arc AC and DB n AC={E}. 
1- find m(ZBDC), m(ZABD) 





2-prove that A ABE is an isosceles triangle. 
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Е 
I". 


(9) In the opposite figure 







AB is a diameter of a circle M,D is the mid-point 





of the arc Ас Draw DM to cut the circle at E, BF 

is a tangent to the circle to cut AC at F. prove that : 
1-MBFD is a cyclic quad. 2-DE //BC. 

(10) In the opposite figure 

m (ZBAC) 2m (ZBDC) =90° 


E is the mid-point of BC and m (ZAED) 248? 


1-find m (АВО) “as 
2-prove that: (a) m (ZABD) =m "m 
(b) m ni iae) g 


(11) ABCD is a quadrilateral drawn in e, draw EF//CB to cut CDat E cuts АВ 
at F, DF NCB ={x} .prove that: 
1- AFED is a cyclic quad. x 


(12) A is a point outside raw ABto cut the circle at B,C respectively, then 


draw AD to cut v respectively, if AC- AE prove that: 
1-BD//CE 2- m(BC) =т(Ё 


(13) In the opposite figure 








2- m(ZBXF) = m (ZEAD 







A semicircle of center M, AD //BC , 





Prove that ABCE is a parallelogram. 
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(14) In the opposite figure 







ABCD is a quadrilateral in a circle M, АХ bisects ZBAC, 
DY bisects ZBDC, prove that: 
1- AXYD is a cyclic quad. 


2- XY// BC 


(15) In the opposite figure 
m(ZC)-70? , the length of CD = the length of ВС 


MN n CD- {Е} and DÀ n the circle = (E). fi 


M(ZBDC) , m(ZBAD) апа m(ZBME) ый 
a 


` Ф 
(16) AB is a diameter of a circle АВ, D € AB.draw the tangent DCat C, draw 
CB НЕЕ CBsuch that DE-DC prove that: 


2- AE is the diamet МУМИЯ of the figure ACDE. 


ON 
3- DE isthe tangent аы ircumcircle of the triangle ABE. 


\ 


C 









1-ACDE is a cyclic quad. 
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Model Answers Part (2) 


(1) Choose: 
1)c 2) one 
6)c,c,b,b 7)c 


Answer the Following P.170 
(1) (a)Given: 
ABCD is cyclic quad . 


R.T.P. m(zA)«m(ZC)- 180° 





m(ZB)+ m(ZD)=180° 


proof : “m(ZA)=-~ m(BCD) and eine 


vm(ZA) + m(ZC)-7 [m(BCD)+ ад; m.of the circle 
= 5 X360° =180° а-га: =180° 

(b) > A ABD is an номеа, | 

: m(ZABD) =30° < 
^. m(ZA) =180° - (3 УХ 


180° 










 m( ZA) + т(2С) = 





^. ABCD is acyclic i 
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(2) АВ //CD .. m( BC) = m (AD у] 












"Eis the midpoint of ( AB ) 
т (ВЕ) =т (АЕ) [2] 


by adding [1]апа [2] 


— — 


„т (СЕ) = т (DE) 


^ ЕС zED 
(3): МС 1 AB, ~ m(ZA) =20° 
~ m{ZAMC) = 180 - (90+20) =70° 
(AMD) is a central angle subtended by are ( А 
4 m(AD)-70^, ~ MC 1 AB 
АА MCA and MCB 
"MA-MB-r 
> AC = BC 
“~ m(ZMCA)=m смеру Д 
^. AMCA = A MCB 





^ m(ZAMC) = 








ж „тп (ZBED) = : m (ZBMD) 


al angles subtended by the same are ( BD ) ) 
А 


=70--2 =35° (inscribed 





(4) -AD ВС, 
„ m(ZANC) = m(ZADC) = 90° 


Subtended dry the chord АС 
and on one side of it :.АМОС is cyclic quad. C 


^m(ZBND) = т (2АСр) exterior = opposite in terior 
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v (ZBEA) and (ZBCA) two inscribed angles subtended by same are (Ав) 


^ m(ZBED) = т (ZBND) 
(5) Л ABC is an equilateral A 


„т (ZB)= 60° 










v 2 В, 2р аге two inscribed angles 
subtended by the same аге ( AC) + m(ZD) = 


“АО =”Е -.m(ZDAE) = m(ZAED) = 


^ A ADE is an equilateral A 


„т (ZCDB) = m(ZCAB) =60° 

"m(ZAED) = m(ZEDB) =60° a 
. AE //DB 
" A ADE is an equilateral Л. -. m (ZAED) =60° (exterior angle) 


2 m(ZAED) =m( D > 2 ЕАС+ 2 ЕСА = 60° 51 
2 РСВ + [ЕСА 
Егот 1,2 г т(2 р ZEAC) ^3 
In AA ADB ,AE z ¿BAD are 2 inscribed angles sub tended by same 
are ( BD) 


 m(ZBCD) = т ( as > 4 


IED) =60° (equilateral Л) 
angles 


[2] 











From 3,4 
„т(2ВАр) = т(2ЕАС) & AB=AC& AE- AD 
“ДАРВ = AAEC 








г. ОВ = EC 
(6)In A ДВС,‘ АВ = АС ·. A ABCis ап isoscelesA. 


: m(ZABC) = m (ZACB) 





^ m(DEC) = m (EDB) > 1 


Subtract m (ED) from 1 -. т( EC) = m(DB ) * B6 ire 


> m(ZA) = 50°, AB =АС P 







180*-50* 








 m(ZACB) = — — = 65° -m(Z = 30° 
 m(ZDCB) = 35° m(Z DBC) = a RÀ 
«InADBC — -. m(ZBDC) = 180° — (35° + 65°) = 80° 









~ 2 ВОС, г BEC subtended e 


„т(2ВЕС) = 80° , тено т (4 BDC ) аге central, inscribed angles 
subtended by same аге ~~) 

n m(ZBMC) = -— x 80* 

« m(ZBMC) EN) ^ 

> AB is a straight ine, -m(zBDC) = 80° 


: m(ZzADC) = 100°, © ED //BC 






. m(ZADE) = 65° 


: m(ZCDE) = 100° — 65° = 35° 
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Given: < С, 2р аге inscribed angles subtended by same are AB 


R.t.P.: m (Z c) =т(2 D) 










— 


*m(2C) = imÁAB ,m( D) = тА 
« т (2с) =т(4 D) 
(1) "ДАВС © BX 1 АС - m(ZAXB) =90° 
v AY 1 BC г. т(2АҮВ) =90° 
v т (4 АХВ) = т (2 AYB) 


& drawn on one side of its sides as a base , on o 


У 


е7С 


^. AXYB is a cyclic quadrilateral 
„т(2 ХАҮ) = m(ZYBX) & 
v (ZXAY), (z XBZ ) are subtended 


^ т (4 XBY) = m (УВЕ). Uu) 


^. BC bisects ¿XBZ К 














(8) ~ AB is a diameter -. 
"m(ZBAC) 230? 
^ m(Z ABC) =180°-(90° 


“Dis — AD = БС 
: m(ZABD) = псов > =30° 





г m(ZABD) =30° 

> ABCD is a cyclic quadrilateral 

* m(ZABC)«m (ZADC) =180° 

2 60° +m(ZBDC}+ m(ZBDA) =180° 
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^. m(ZBDC) =180°- (60° +90°) =30° 
^ m(ZBDC) =30° 
In AA ВСЕ ,ADE 
„ m(ZBCA) = m(ZBDA) =90° 
& m(ZCBD) = m(ZCAD) 









(subtended by same Arc CD ) 
& m(ZBEC) = m(ZAED) (V. О .A) : 


"А ВСЕ = AADE v». ВЕ = ЕА 


(9) ~ BF isa tangent to circle M ( with a dia 
* m (ZABF) =90° [1] 

& ~ D is midpoint of AC 
‘< m(ZMDF) =90° 





^. MBFD is a cyclic — 


> AB is a diameter . Uu) 
^ Mis midpoint of AB& D is NT AC 
„ВЕ //ВС 








á mei cyclic quadrilateral and BC is a diameter in the 
тика» № 
"Eis midpoint of BC 


^ Eis Centre of circle which passes through points A, B, C and D. 
^ m(ZABD) = > m(ZAED) =24° 





inscribed angle & central angle of same arc ( AD) 
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" ABCD is a cyclic quadrilateral 


^. m(ZABD) = m(ZACD) (drawn on AD& on one side of it ) 
& > m(ZBAD) = m(ZBDC) =90° Ру 





ВС is a diameter & ~ Eis the midpoint of BC \ 


^Eisthe center of circum circle of ABCD 





? 
^ 2 ABC & Z AEC аге inscribed & central angle $ 


128 by arc AC 
^. m(ZAEC) = 2m(ZABC) 





(11) - EF// ВС SEN g 
^ m(ZFED) = m(ZBCD) — €— ) 
& ~ ABCD is acyclic quad. Е 
г m(ZFAD)* m(ZBCD) =180° as 
+ 
From1&2 %, Uu) 
^ m(ZFAD) + m(ZFED) aae N 


^, AFED is a cyclic quad . 


+ EF //BC XY 
^ m(ZEFD) = SN ponding angles ) 

& m(ZEFD) = m(Z о { Irawn оп ED and on side of it )& 
( AFED is a cyclic S 

‚. m(ZBXF) = m(ZEAD) 


(12) In A ABC " AE =АС 
* A ABC is an isosceles A 










= m(ZACE) = m(ZAEC ) > [1] 
~ СВОЕ is acyclic quad . 
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^ m(zCED) + m(ZCBD) =180° 
& m(ZECB) + m(ZBDE) =180° 2) 








“a 








From 1& 2 2 
< m(ZDBC) + m(ZBCE) =180° & m(ZBDE) + m(ZDEC) =180° 
„ВБ //CE тс) = m(ED) DV) 







(13) In A ABD AB -BD 
^ m(ZA) = m(ZBDA) 
" m(ZBCE) = m(ZBDE) (2 inscribed angle 
г. m(ZA) = m(zBCE) ^ [1] 
+ AD// BC -. 2 А supplements САВ supplements 2 АЕС 


г. m(ZABC) = m(ZAEC) > [2] 
From 1&2 2 
^ ABCE is a parallelogram. x 


(14)  ABCD is a cyclic =. SN 


= BC &on one side of it ) 


they are draw on XY & on one side of it 


Р 
nded by BE ) 





г. m(ZBAC) = m(ZBDC 









5 1 m(ZBAC) = zm 
^ m(ZXAY) = m(ZXD 
^. AXYD is a cyc uad " ABCD is a cyclic quad 
^ m(ZCBD) = m(z ) > (drawn on CD & on one side of } 
" AXYD is a cyclic quad 

г. m(ZYXD) = m(ZYAD) > [2] from 1&2 

> m(ZCBD) = m(zYXD) similarly ~ m(ZBCA) = m(ZXYA) 


- XY // BC 
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(5): CD= CB Ср = СВ 
^ А CBD is an isosceles A 
тд ВОС )= 277 

‚т (BDC) = 55° 

" ABCD is а cyclic quad 


г. m(Z BCD) + m(ZBAD) =180° 






^. 70°+m(ZBAD) =180° 
‚ т( 2. BAD ) = 110° 
* DE is a straight line 
^m(ZEAB) =70° 
4 EAB & Z EMB are central & inscribed angle subtended E 
г. m(ZBME) 270? x 2 = 140° 
(т (ZBME) =2 m(ZBAE) ) 
(16) > CD =DE 
^ ACDE is an isosceles A 
^. m(ZDCE) = m(ZDEC) 
© DC is a tangent at С 
^ m(ZDCB) = m(ZCAD) 


= m(ZCAD) = m(ZCED) 
(drawn on CD & on ~e ) 

^. ACDE is a cyclic à 

~ AB isa ten sen 

^m(ZACE) = 

^ AE isa diameter in circumcircle of figure ACDE 


> ACDE is a cyclic quad 
^ m(ZDCE) = m(ZDAE) 





(drawn on DE and on one side of it )& ~ m(ZDCE) = m(ZDEC) 
^. m(ZDEC) = m(ZDAC) 
^ DE is a tangent to circum circle of A ABE. 





ТАТА ТАТАТАТАТА! AJA 


ЖЖ i 











Corollary (1) 


The straight line passing through the center of a circle and the 
midpoint of any chord-of it is perpendicular to this chord. 





if AB is a chord of a circle M and МС is drawn 
Cis the midpoint of AB 


~ MC L AB 





Corollary (2) 


The straight line passing through the center of a circle and 


perpendicular to any chord of it bisects this chord. 





AB is a chord of a circle M and MC is drawn 
> МС LAB 


г. Cis the midpoint ofAB 


й 
Y 


. АС = СВ 


Theorem 


If chords of a circle are equal in length , then 


they are equidistant from the centre. 





" АВ = Ср 
~ МУ = МХ 
Important example 


ABC 1s a triangle 1n which AB = AC. circle M was drawn with diameter 
BC intersecting AB at D and AC at E , 
MX L BD, МҮІСЕ prove that : BD = CE 


Solution 


In ACMY, ABMX 


- MB = MC (two radii) 





>“ m(ZCYM) = m(ZBXM) = 90° 

* m(ZB) = m(ZC) (because AB=AC) 

> ACMY = ABMX 

* МХ=МУ ,but MX 1 BD and MY 1 CE 


^ BD = СЕ 


MR.AMR ALFEKY : 070 928 0 99 58 
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EXAMS QUESTIONS 


1) In the opposite figure: 
AB and AC are two equal chords in circle M , X and Y 
are the midpoint of AB and AC m(ZA) = 70° 


a) Find m(ZDME) 
60 Prove that XD = YE 





2) In the opposite figure: 
BC and AB are two chords in circle M , X and D 
are the midpoint of AB and AB m(ZB) = 56°, MD = 8cm 


a) Find m(ZXMD) 
6) Find the length of DE 





3) In the opposite figure: 
YN=3cm, MY L BD, Nisa midpoint of MB 


Find area of circleM (т = T) 


4) In the opposite figure: 


AB is a chord in a circle , M , BC is a diameter on it , 
D is the midpoint of AB c 
1) Prove that MD // AC 

2) Find m (ZA) 





5) In the opposite figure: а 
АВ = AC, Xis the mid-point of AB, Y is the mid-point H 
of AC prove that: DX - HY 


6) In the opposite figure: 
A circle M, MD 1 АВ, m(ZA) = 30° 


7) Prove that MD // AC 
2) Find m (ZA) 





MATHIS PREPS 
7) In the opposite figure: 


A circle М, МО LAB, МЕ LAC, where MD = ME 
m(ZEMD) = 120° 


prove that A ABC is equilateral. 





8) In the opposite figure: 
ABC is a triangle in which AB = AC. circle M was drawn 


with diameter BC intersecting AB at D and AC at E, 
MX 1 BD, MYLCE prove that : BD = CE 











7 4 





SSS SSS 
A & SS 


ESS 


So: MA>r бш gie So: MA«r 
and vise versa and vise versa and vise versa 





e the straight line L is located © the straight line L is e the straight line L is 
outside the circle M a secant to the circle M tangent to circle M 
LN circle М = ф LN circle М = (C, D] LN the circle = {A} 


L 


So: МА >r | So: МА =r 


and vise verse | and vise verse 





Fact 


A tangent to a circle is perpendicular to the radius 
at its point of tangency. 





~ AL isa tangent 

- AM is a radius 

- AL LAM 

. m(ZMAL) = 90 
Fact 


If a straight line is perpendicular to a diameter of a circle at one 


of its endpoints, then it is a tangent to the circle. 





- AL ЕАМ 
> AM is a radius 


» AL isa tangent 
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1) Choose the correct answer : 


1) If M circle with radius length = 4 cm and A is a point in its 
plane, MA = 3 cm, then A is ............... circle M. 


( inside - on - outside ) 


2) IT M circle with radius length = 4 cm and A is a point in its 
plane, МА = 4 cm, then А 15 ............... circle M. 


( inside - on - outside ) 


д) If M circle with radius length = 4 cm and A is a point in its 


plane, MA = 5 cm, then А is ............... circle M. 
( inside - on - outside ) 
4) A tangent to a circle is ........................ the radius 


at its point of tangency. 
( perpendicular to - parallel to - bisects ) 


5) If a straight line is perpendicular to a diameter of a circle at 
one of its endpoints, then it is a ...................... to the circle. 


( axis of symmetry - tangent- chord ) 
6) п the opposite figure: m (4 ДМВ ) = 


( 259 - 35°- 45° ) 





2) In the opposite figure: 


AB is a tangent to the circle M, E is the midpoint 
of the chord CD , m (/ АВС) = 50* 


Find : m (2 AME) 





3) In the opposite figure: 


AB is a tangent to the circle M, AM = 6 cm 
АВ = 8 cm 


Find : The length of DB 





MATa PREPS 

4) In the opposite figure: 

AB is a tangent to the circle M, AC=8 cm 
MB = 5 cm 


Find : The length of MC 





5) In the opposite figure: 
AB is a tangent to the circle M at A and 


АМ = 8cm, m (Z ABM) = 30° к 
Find the length of each : АВ and АС AN 


6) In the opposite figure: 


AB is a tangent to the circle M at A and 


m (4 ABM ) = 30° x 
prove that : AY = BY B te SS 
A 
68v 
ть 











> = 


eem 





Position of a circle with respect to another circle 





1) ММ > г, + г the two circles are distant 





2 ММ = г, + г the two circles are touching externally 








8) г! — r <ММ < г, + r the two circles are intersecting 


4) MN = г; – г the two circles are touching internally 


5) ММ < г! — г> the two circles аге one inside the other 


6) MN = zero the two circles are concentric 





1) In the opposite figure: 


M and N are two congruent circles , AB // MN was drawn and 
intersects circle M at A and B and intersect circle N at C and D 
Prove that : AC = BD 





Solution 


Construction : Draw ME 1 AD ‚ МЕ 1 АР 





- EF/MN , т (ДЕ) = 90° т (ZF ) = 90° 


. МЕ] МЕ 
. MENF is a rectangle 2 ME = NF 
М and М are two congruent circles г. АВ = CD 


By adding BC to AB and CD 
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1) Choose the correct answer : 


J) If the surface of the circle M n If the surface of the circle М = 


Ø , then the two circles are ........................ 
(Distant - touching externally - intersecting ) 


2) If M and М are two centers of two circles with radii r1 ,fo , 
where ММ > г1 + г2 , {Веп the two circles are ........... 
(Distant - touching externally - intersecting 


д) |f the surface of the circle M N If the surface of the circle М = 
{A}, then the two circles are ........................ 

(touching externally - touching internally - intersecting ) 
4) |f the surface of the circle M n If the surface of the circle М = 


the surface of the circle М , then the two circles are ............... 
(Distant - touching externally - опе inside the other ) 


0) M and N are two circles touching externally , their radii 9cm , 
4cm , then MN = .............. cm (5cm - 7cm - 13cm) 


6) M and N are two circles touching internally , their radii 9cm , 
4cm , then MN = .............. cm (5cm - 7cm - 12cm) 


7) M and N are two circles, their radii 7cm , 5cm , then MN = 


12cm , then the two circles are ......................... 
( Distant - touching externally - touching internally ) 


8) M and N are two circles, their radii 7cm , 5cm , then ММ = 


9) M апа М are two circles, their radii 7cm , 5cm, then ММ = 
15cm , then the two circles are ......................... 
( Distant - touching externally - touching internally ) 
70) M and М are two circles, their radii 7cm , 2cm , then MN = 
3cm , then the two circles are ......................... 
(Distant - touching externally - опе inside the other) 
77) The radius of circle M is 6cm The radius of circle N is 5cm , 


then MN = 3cm , then the two circles are ......................... 
( touching externally - touching internally - intersecting ) 


72) M and М are two intersecting circles their radii 4cm and 6cm 
then MN € .............. ( ]2,5[ , 12, 10[ , 14,9.) 


1) In the opposite figure: 


Two concentric circles М ‚АВ is a chord 

in the large circle and intersects the smaller 
circle atC and D ,AE isachord inthe larger 
circle and intersects the smaller circle 


at Zand L. if m(ZABE) = m(ZAEB) 
then prove that: CD = ZL 
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2) In the opposite figure: 

Two concentric circles M , AB is a chord 
in the larger circle and intersects smaller 
circle at C and D. is a chord in the larger 


circle and intersects the smaller 
circle at Z and L where AB = EF 
Prove that: / СО = 21 2) AD = ZF 





3) In the opposite figure: 


The two circles M and N intersects at A and B A D 
CD is a chord in the circle M cuts MN at E em 


, If Eis the midpoint of CD 


Prove that AB // CD 
48:3 


4) In the opposite figure: 
The two circles M and N intersect at A and B. | 


is drawn MX L AC MN is drawn , АС = AB 
J) Prove that : MD = MX 2) Prove that : XY - DE 





5) In the opposite figure: 
M and N are two intersecting circles At A and В, m(ZC)=55° , 


m(ZN)=125° Prove that : CDisa tangent to the circle 





6) In the opposite figure: 
M and N are two congruent circles , AB // MN was drawn and 
intersects circle M at A and B and intersect circle N at C and D 

Prove that : A 














Зр... 
SSS SSS 


SS ree " 1 ME TUN PT T 
KES ола ы WW) NG ACE кс ы A NE уз ма ON A KW Now Roa амми ишаа ANNE LN M ACE AE Nox NU RN Nos Moa Ra M xe RN RN LM 073111!) Dil | | 
<> 





$ Z AMB is called central angle 

Ф m( ДВ ) = m(z AMB) 

$ Z AEB is called inscribed angle i 
$ т(/ AEB )=m(ZAMB ) (subtended by AB) 
Ф m(Z AEB) -2 m( АВ) 


$ Central Angle : It is the angle whose vertex is the center of 
the circle and its sides contain two radii of the circle. 


$ Measure of the arc = The measure of the central angle 
opposite to it. 


$ Inscribed angle : An angle the vertex of it lies on the circle 
and its sides contain two chords of the circle. 


$ The measure of the inscribed angle = half the measure of 





the central angle subtended by the same arc. 
$ The measure of the inscribed angle = half the measure of 





the opposite arc. 


$ The inscribed angle drawn in a 


semicircle is a right angle. 
* Z AEB is drawn in a semicircle 


> (2 АЕВ)=90° 


Corollary 
$ If two parallel chords are drawn in a 


circle, then the measures of the two 
arcs between them are equal. 











> AB // CD 


Я m( АС) = m( BD ) 


Corollary 


$If a chord is parallel to a tangent of a 
circle, then the measures of the two 
arcs between them are equal. 


> AB // CD 


. m( AC)  m( BC) 
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Corollary 


$ If the measures of arcs are equal, then their chords are equal 
in length, and conversely 


i And conversely 


B 
| б а. un ТАВ = CD then: 
“length of AB= length of CD  m(AB)-2m(CD) 


Theorem 

$ In the same circle, the measures of all inscribed angles subtended 
by the same arc are equal. E 2 
-ZC,zDandZ Eare inscribed angles 


C 


$ In the same circle or т congruent circles, the measures 
of the inscribed angles subtended by arcs of 
equal measures are equal 


5 m( АС) = m( FD ) 
- m(ZC) = m(ZD) 





Exercises from school book and qovernorates exams 


> Exercises оп the measure of inscribed angle with 
respect to the measure of arc: 


1) Complete the following figures : 


Ф S 








B A 
m (AB) = 
C 
B A 
т( C) =. m (ZZ ЕАС)-=............ m( DCB) =. 


> Exercises on the measure of inscribed angle with 
respect to the measure of equal arcs : 


2) find the value of the symbol in the following figures 
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> Exercises on the measure of inscribed angle with 


respect to the measure of the central angle : 


3) find the value of the symbol in the following figures : 





4) In the opposite figure: EN 
M isa circle, m ( МАС ) = 35° LA N, 
Find m (4 ABC) CN 


5) In the opposite figure: C 


AB is a diameter in the circle M 25у 
with radius length 4 cm, m ( Z A) = 30° B A 
rp ui 


2) Find the length of BC 


6) In the opposite figure: ч А 
AB and CD are two equal chords 


Prove that A AEC is isosceles 


ПАТЫ PREPS 

7) In the opposite figure: 

A ABC drawn in the circle M 

D € CB such that m ( Z ABD )=120° 
if m ( Z BMC )=100° 

Find with proof m ( Z ACB ) 








8) In the opposite figure: 

The chords AC and BE intersects 

At Х, Mis the centre of the circle, 

if m(ZBAC)=40" 

Find: 

1) m(ZBEC) 2) m(ZBMC) 3) m(BDC) 
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The quadrilateral is a cyclic if one of the 
following conditions is verified: 


1) If there is a point in the plane of the figure such that it is 
equidistant from its vertices. 


2) If there are two equal angles in measure and drawn on one 
of its sides as a base and on one side of this side. 


д) If there are two opposite supplementary angles " their sum 2180" 


4) If there is an exterior angle at any of its vertices equal in measure 


to the measure of the interior angle at the opposite vertex. 
D D 





м B C " 
MA = МВ = МС = Мр (21) = т(22) 
- D 
Р А 
1 
h B E c ° 








In the opposite figure: i" 





AB is a diameter in circle M, X is the midpoint of / ^^ \ 

AC and XM intersecting the ==. | 3 

tangent of the circleatBinY. \ / J, / 

Prove that : у 

The figure AXBY is а cyclic quadrilateral. и 
solution d 

> X is the midpoint of AC . MX L AC, m (4 AXY) = 90° 


* AB is a diameter and , BY is a tangent at B 
ʻ BY L AB ,m (2 ABY) = 90° 

>т (4 AXY) = т (Z ABY) = 90° 

-- Figure AXBY is a cyclic quadrilateral. 


In the opposite figure: 
ABCD is a cyclic quadrilateral with diagonals intersecting 


at F, X € AF and Y € DF where XY // AD. ра, 
FT, PA | N 
Prove that : / | У ^ | 


| | / У \ \ \ 
First : BXYC is cyclic quadrilateral. | | f JPA | 


Second : m(ZXBY) = m(ZXCY) 1 YN 
C М. 7 В 
соё ution ha NN . 


" XY//AD | -- m(ZCAD) = m (ZCXY) Corresponding 

* m (ZCAD) = m (ZCBD) both are inscribed and common in CD 
2 т (ZCXY) = m(ZCBY) (two inscribed angles on the base СҮ) 
^. BXYC is a cyclic quadrilateral 

" ВХУС is a cyclic quadrilateral ~. m (ZXBY) = m (ZXCY) 
because they are both inscribed angles common at CD 
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1) In the opposite figure: 

M is a circle ABCD is a cyclic quadrilateral , 
m(2ZC)=100° 

Find: 1) m(ZA) 2) m (BCD) 





2) In the opposite figure: 02 

ABCD is а quadrilateral drawn Nus N 

in the circle №, if m ( ZBND ) = 130° B 

Find: m(ZBAD ) 27 
С 

NEM. НОННИ ТОННА = 


3) In the opposite figure: 

ABCD is a cyclic quadrilateral , ZN 
т ( 4 CDB ) = 40°, BC = DC DQ 
MUN Ww 7 


4) In the opposite figure: 
AD // BE, т (ZBAD)-1009 
m (ZEDC)=30° , Find:m(ZCDA) 





5) In the opposite figure: 
ABCD is a cyclic quadrilateral in which m(ZABCI70// 

~ p D 
The length of AD = The length of DC B 





Find : m(ZACD) 


6) In the opposite figure: 
ABCD is a quadrilateral, where АВ = AD, 
m(ZABD) = 35, m(ZBCD) = 70° 
Prove that: 
1) ABCD is a cyclic quadrilateral 
2) 2) CA bisects ZBCD 
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7) In the opposite figure: 

АВ = Ар, т (ZA) = 80°, m( ZC) = 50° 
Prove that : The points А, B, C and D have 
one circle passing through them. 





8) In the opposite figure: 
BCisa tangent to the circle M at С, 


D is the midpoint of EC, MC // AB 
Prove that : 





ABCD is cyclic quadrilateral . 


9) In the opposite figure: 
m (Z ABE) = 100° , m (ZCAD) = 40° 
Prove that: т ( CD) = m (Ар). 





10) In the opposite figure: 

AB is a diameter in circle M, X is the midpoint of 
AC and XM intersecting the 

tangent of the circle at B in Y. 

Prove that : 





the figure AXBY is a cyclic quadrilateral. 


T———————— ————— — ——— — € «€ аа 
11) п the opposite figure: и N 
A circle with center M. X and Y are the two / | 
midpoints of AB and AC respectively. 

вт 


Prove that : 

First : AXYM is a cyclic quadrilateral. 
Second : m (ZMXY) » m (ZMCY) 
Third : AM is a diameter in the circle passing through the points 
A, X, Y and M 
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12) In the opposite figure: 

ABCD is a cyclic quadrilateral with diagonals 
intersecting at F, X € AF and Y € DF where XY // AD. 
Prove that : 

First : BXYC is cyclic quadrilateral. 

Second : m(ZXBY) = m(ZXCY) 





13) In the opposite figure: 
In the opposite figure : ABCD is a cyclic 


quadrilateral which has AE bisects ZBAC and 


DF bisects ZBDC , Prove that : 
First: AEFD is a cyclic quadrilateral 


Second: EF // BC . 





14) In the opposite figure: A 
ABC is a triangle in which has AB = AC and BX bisects 
Z Band intersect AC at X , CY bisects ZC 


X Y 
and intersect AB at Y , Prove that : - 
First: BCXY is a cyclic quadrilateral. [A MN 


Second: XY // BC 








15) In the opposite figure: 
Circle M n CircleN={A,B} 

C € BA and C ¢ BA draw CX 

to cut circle M at X And Y if D is 

the midpoint of XY апа ABNMN={Z} 
Prove that : CDMZ is a cyclic quadrilateral. 


